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FOREWORD
1 This military handbook 1s approved for use by all Departments and Agencies of the Department of

Defense

2 Beneficial comments (recommendations, additions, deletions) and any pertinent data which may be of use
n improving this document should be addressed to  Space and Naval Warfare Systems Command, Washington, DC
20363-5100, by using the Standardization Document Improvement Proposal (DD Form 1426) appearing at the end

of this document or by letter

3 Cautyon This document has been assembled as a guideline for the development of a dose-rate hardness
assurance program for semiconductor electronics It s not Iintenced to be used as a requirements document
This document may not contain all the information neeaed to establish such & program

4  Thas document discusses how data on the performance of an electronic part should be taken and
documented so that 1t can be easily analyzed and how end-point Limits for pass-fail Lot acceptance tests
should be calculated Although these guidelines specifically address the problem of radiation hardness
assurance, many of the discussions given may be useful more generally to persons responsible for electrical
response measurements and/or the development of procurement specifications

5 During the writing of this document and the discussions with many individuals relating to 1t, 1t became
clear that the problems assocrated with taking and documenting good dats end with analyzing it, were far
more difficult than the authors had expected As @ result, the discussions given to data examination,
documentation, and analysis became much more extensive than had originally been intended Having thus
respondecd to a perceived need, the authors can onty hope that the Length of the document will not unduly
deter the reader and that the extra detail provided about taking and analyzing data will prove worthwhile
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PREFACE
This document discusses how data on the performance of an electronic part should be taken and documented so
that 1t can be easily analyzed and how end-point Ltimits for pass-fail Lot acceptance tests should be
calculated Although these guildetines specifically address problem of radiation hardness assurance, many
of the discussions given may be useful more generally to persons responsible for electrical response
measurements arkl/or the development of procurement specifications
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1 SCOPE
11 Scope The primary objective of this document 1s to provide guidelines and easy to follow procedures

for the preparation of detailed device specifications for the procurement of microcircuits and semiconductor
devices where radiation Hardness Assurance (RHA) 1s required The guidelines are applicable to MIL-M-38510,
MIL-5-19500 microcircuit and semiconductor device detailed specifications as well as to other specifications
such as Source Control Drawings (SCD), Selected Item Drawings (SID), Specification Control Drawings (SCD),
and Standardized Military Drawings (SMD)  Recommended procedures are provided for characterizing the
radiation response of a part and for obtaining post-irradiation end-point Limits for qualification and Lot
Acceptance Tests (LAT)

1 2 Radiation hardness assurance at the precepart level These guidelines address radiation response
measurement and hardness assurance gquestions 8t the piecepart level in keeping with the present schewe for
MIL-STD RHA device specifications, which only addresses jonizing radiation dose effects measured at 200,
plus or minus 100 rads{S1)/second and displacement damage effects due to neutrons (see table I), these
guidelines emphasize these two radiation environments However, because the addition of dose rate and
Single Event Upset (SEU) specifications 1s now under consideration, brief mention of these two radration
environments 1s also included The principles discussed are applicable to both bipolar and MOS silicon
transistors and integrated circuits, and to devices made from gallium arsenide and other semiconductor
materials  They have, furthermore, been presented 1n terms of the intrinsic performance characteristics of
the part independent of any system in which 1t may be used For MIL-STD specifications, the levels shown n
table I are used as reference points. The general principles may be applied to system specific

requirements

13 LAT end-point Limits The procedures for measuring radiation response characteristics and for
calculating LAT end-point limits are discussed in terms of parts whose design and production processes are
mature That 1s these guidelines do not attempt to discuss the case where the part 3is still under
development and 1ts characteristics are styill undergoing change It 1s recognized that this latter case 15
important and occurs frequently because system designers are interested In obtaining the most advanced parts
for tneir systems The process of obtaining LAT end-point Limits for such parts, however, involves testing
and 1terative end-pownt agdjustments bv the part manufacturer and the svster parts engineers and designers
which would be difficult to formulate as & set of generalized steps which could be applied to a2 variety of
syster needs Because MIL-STD procurements of RHA devices use attribute Lot Tolerance Percent Detective
(LTPDY LAT tests exclusively, the end-point Limit discussions here emphasize LTPD tests

7 « Low vield devices If sample costs are affordable, the LAT methods discussed will be performed on
sampies ot the devices themselves 1ln the case of very Large Scale Integration (VLS1) devices tfor which
oniv low yields can be achieved, one possibie option might be to use devices for LAT which are acceptable
trom an electrical pe~formance standpoint but do not meet all the normal visual acceptance criterie  Such
devices are said to be selected according to "alternate" visual criteria  Another possible option might be
to use test structures for LAT which have been processed on the same wafers as the Lot undger consideration
By test structures are meant simpler and Less expensive microcircuits which have been designed specifically
to correlate with the radiation response characteristics and failure levels of the subject VLSI circure,
radiation tests on the test structure can then be used to estimate the performance characteristics of the
VLS! circuit The use of test structures for LAT cannot be recommended until data and experience show

definitively that test structure responses correlate reliably with the actual devices

15 Generyc quatification program A tuncamentally different approsch to quality assurance, from that
based mostly on testing the end product, 1s now being implemented An overly simplified description of this
approach 1s to say that 1t 1s based on tests which will continuousiy measure the quality of the starting
materials and of the production process 1tself and allow the material purity and the process to be
controlled so that overall quality s not only maintained but s improved with time This approach, which
uses a Qualifred Manufacturers' List (QML), 1s not vet 1n place and the way 1n which hardness assurance will
be achyeved under 1t has not yet been determined With respect to the military standard procurement or
"JAN" syster thic approach 15 alco termed “"Generic Quac.ificatior"” (GQ) because 1t will allow a vendor tc
aualsity a particular proguction Line and then to ship 8 variety of part types from that line without having
to guali1ty each new part type separately (3s s reguired under the present gualitied parts list or QPL
scheme) GQ will be 1mportant because 11 1s expected to wmprove radiation response uniformity over extended
periods of time Figure 1 shows some of the features of the proposed generic qualification system A new
draft controlling document has recently been 1ssued by Rome Air Development Center (RADC) (see MIL-1-38535)
This document includes RHA reguirements In all the appropriate sections but does so only in general terms
A "strawman" plan entitled “Methodology for Including Radiation Hardness Assurance in the Generic

guali1fication Program" 1s presently undergoing review
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2 APPLICABLE DOCUMENTS

2 1 Government documents

211 Specifications, standards, and handbooks
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The following specifications, standards, and handbooks form

a part of this document to the extent specified herein

Unless otherwise specified, the 1ssues of these

documents are those listed in the 1ssue of the Department of Defense Index of Specifications and Standards
(DODISS) and supplement thereto, cited 1n the solicitation

SPECIFICATIONS
KILITARY
DNA-TR-B84~-220-V1
DNA-TR-B4-220~-V2
DNA-TR-B1-90
MIL-S$-19500
MIL-M-38510
STANDARDS
MILITARY
MIL-STD-750
MIL-STD-883
HANDBOOKS
MILITARY
DNA 5909F
DNA 5910F

MI_-~HDBK-279

MIL-HDBK-280

MIL-HDBK-339(USAF)

M1L-HDBK-814

AFWL-TR-B6-26

DNA-TR-86-29

DNA-TR-B¢ -3¢

HDL-CR-81-015-1

HDL-SR-86-1

L]

Hardness Assured Device Specifications for Moderate Requirements
Hardness Assured Device Specification a 4K X 1 (MOS/SOS Statyc RAM,
Hardness Assured Device Specifications

Semiconductor Devices, General Specification for

Microcircuits, General Specification for

Test Methods for Semiyconducto~ Devices

Test Methods and Procedures for Microelectronics

Total-Dose Hardness Assurance Guidelines for Semiconductor Devices
Piece Part Neutron Hardness Assurance Guidelines for Semiconductor Devices

Total Dose Haraness Assurance Guidelines for Semiconductor Devices and
Microcarcuits

Neutron Hardness Assurance Guidelines for Semiconductor Devices and

Microcircuits

Custom Large Scale lntegrated Circuit Development and Acquisition for Space
Vehicles

Total Dose and Neutron Haragness Assurance Guidelines for Semiconductor
Devices and Microcircuits

Guiaelines to Hardness Assurance for Nuctear Radiation
Dose Rate Hardness Assurance Guidelines

Hargness Assurance Guideline fo- MIL-HDBN-33¢ (USAF) (ustom Large bScale
Integrated Circutrt deveiopment and Acquisition for Space Venicles

Design Guidelines for Transient Radiation Effects on Yactical Army Systems

Nuclear Hardness Assurance and Hardness Maintenance for Army Tactical
systems Part 1 Inmitial Nuclear radiation, Thermal Radiation, and Ar Blast

(Unless otherwise ndicated, copies of federal and military specifications, standards, and handbooks are
avarlabte from Defense Printing Service Detachment Office, Bldg. 4D (Customer Service), 700 Robbins Avenue,

Philadelphia, PA

19111-5094 )
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2 1 2 Other Government documents, drawings, and publycations The following other Government documents,
drawings, and publications form a part of this document to the extent specified herewn Unless otherwise

speci1fied, the issues are those cited in the solicitation

SCR-607 -  Factors for One-Sided Tolerance Limits and for Variables Sampting Plans
(Copies are available from U S Department of Commerce, National Technical Information Service )

HDBK - Experimental Statistics
(Copres are available from the U S Government Printing Office, Washington, DC 20402 )

2 2 Non-Government publications The following documents form a part of this document to the extent specified
herein Uniess otherwise specified, the 1ssues of the documents which are DOD adopted are those li1sted in the
i1ssue of the DODISS cited 1n the solicitation Unless otherwise specified, the 1ssues of documents not listed
n the DODISS are the 1ssues of the documents cited 1n the solicitation (see 6 2)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)
1989 Annual Book of ASTM standards, Volume 12 02, Nuclear, Solar, and Geothermat
1989 Annual Book of ASTM standards, Volume 10 04, Electronics

(Application for copies should be addressed to the American Society for Testing and Materials, 1916 Race
Street, Philadelphie, PA 19103-1187 )

3 ACRONYMS, DEFINITIONS, AND SYMBOLS

31 Acronvms used in this standard The acronyms used r this standard are defined as follows

-

ASTH - American Societv for Testing anc Materials
DESC - Detense Eiectronic Suppis Cente

DNA - Defense Nuclear Agency

DOL - Department of Defense

EPL - End-Point Limits

ERRIC - Electronics Radiation Response Information Center
ESD - Electrostatic Discharge

GQ - Generic Qualification

HA - Hardness Assurance

JAN - Joint Army Navy (mititary standard)

LAY - Lot Acceptance Tests

LET - Linear Energy Transfer produced when & high energy 1onizing particle traverses a solic
LTPD - Lot Tolerance Percent Detective

MIL-STC - Mibitarv Standard

MIL-HDBK - Mititary Handbook

MOS -~ Metal Oxide Semiconductor
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SPAWAR

PIPL

M

QA

QCl

QM

QML

QPL

QRA

RADC

RHA

RHEPL

SCh

SEC

SEP

SEU

SID

SMb

SOCD

sTD

TCI

TCV

VLSI
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National Aeronautics and Space Administration.
Space and Naval Warfare Systems Command.
Post-Irradiation Parameter Limit, the same as RHEPL in this document.
Process Honitor.

Quality Assurance.

Quality Conformance Inspection.

Quality Management.

Qualified Manufacturer's List.

Qualified Parts List.

Quality and Reliability Assurance.

Rome Air Development Center.

Radiation Hardness Assured or Radiation Hardness Assurance.
Radiation Hardness Assurance End-Point Limit.
Specification Control Drawing.

Standard Evaluation Circuit.

Single Event Phenomena.

Single Event Upset.

Selected Item Drawing.

Standardized Military Orawing.

Source Control Drawing.

Statistical Process Control.

Standard.

Technology Conformance Inspections.

Technology Characterization Vehicle.

Very Large Scale Integration.
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3 2 Generatl usage for definitions and symbols To make this report easler to read for those who will need

to refer to 1t only infrequently, an attempt has been made to devise a mathematical notation which 15 more self-
explanatory than the notations used 1n other recent reports retated to hardness assurance This notation 1s
used 1n the definitions Listed 1n this section and throughout the rest of the report As an example of the
differences, the present notation uses MEAN(PAR) and GMEAN(PAR) for the measured arithmetic and geometric mean
values, respectively, of a parameter, 1n several other reports an overline on the word PAR 1s used to indicate
the arithmetic mean value and PAR, 1s used to denote the geometric mean value  Conversions to the other
notations, 1f necessary, should

Absorbed dose
c(lower case)

Confidence level

Device specification -

Diffusion lot
Dose
Dose rate

Exp{x)

Fiuence

Goodness of it

aray
1(lower case)
1(upper case)

1rp-flux

lonizing radiation

dose

JAN parts

TL(n,C,P)

LNOX)

MEAN(PAR) + K

present no difficulties The following 1s a list of specific definitions
The absorbed energy usually expressed in rads
The acceptance number 1n an LTPD test

The chance of rejecting a lot where there 1s less than probability P that any

part from the Lot can pass the test conditions
The contractual document to which an electronic device 1s either sold or

purchased

A set of wafers heated at one time 1n one diffusion turnace.
See Jonizing Radiation bDose

Rads per second due to jonizing radiation

Napier's constant, e, to the X-th power Please note that an exponent can only
be a pure number Therefore, 1f the notation shows & variable that has a
dimension (such &s an 1onizing radiation dose expressed n rads, for example)
as an exponent, 1t should be understood that the exponent has been made
dimensionless by dividing 1t by a quantity having a vaiue of one but with the
same dimensions as the variable yn question

The accumulated number of irradiating particles per square centimeter

The degree to which & measured probability distribution fits the assumed
distribution the CHi-sguare test 1s commonly used to determine the goodness
of fit

10.000 ergs ot absorbed energv per gram, eguals 100 raos
The subscript used to label the 1-tn device 1n a sample of devices
The subscript used to label the 1-th lot in a sample of lots

Measurements made on a device while i1t 1s being 1rradiated

The accumulated absorbed energy 1n rads or Grays due to i1omizing radiation

JAN parts are Listed 1n the Qualified Products List (QPL) and undergo scheduled
periodic audits by the qualifying activity to MIL-M-38510 and NIL-STD-883
requirements The JAN part takes precedence over the Standardized Military
Drawing (SMD) part

One-sided tolerance Limit This factor takes 1nto account the certainties
resulting from small sampie si1ze statistics It 1s applied to normal
distributions as follows For a sample size n, 1f MEAN(PAR) and STDEV(PAR) are
the measured mean and standard deviation respectively for parameter PAR, then
with confidence (, there 1< a probabilaty P, that future measurements of the
parameter PAR wiliL be Less than

TL(n C, P) * STDEV(PAR)

or larger than

MEAN(PAR) - K

TL(n’ C, P) * STDEV(PAR)

The natural logarithm of X Please note that the argument of a logarithm can



Lot

Lot acceptance test

MEAN(X)

GMEANLX)

e g , MEAN [LN (PAR (RAD))]=_

MIL-HDBK-816

only be a pure number Therefore, 1f the notation shows a logarithm of a
variable that has a dimension (such as an 1onizing radiation dose expressed 1n
rads, for example), 1t should be understood that the argument has been nade
dimensiontess by dividing 1t by a quantity having a value of one but with the
same dimensions as the variable 1n question

The population of parts from which a sample has been taken.

The testing of & sample of parts from a lot to determine whether the (ot 1s
acceptable or not

The srithmetic mear value of X

n
MEAN (X) =1 Yy x,
n =1

n
e g MEAN [PAR (RAD)JI= Y par raD
n
1 =1

The geometryc (or Logarwt?m1c0 mean value of X
LN (PAR [ (RAD D)

naz1

GMEAN(X) = EXP(MEAN(LN(X))

e g , GMEAN(PAR(RAD)) = EXP(MEAN(LN(PAR(RAD)))

n(lower case)
N(upper case,

Non-RHA devices

Standard devices

Nonstandard devices

Not-In-flux
0STL

Plupper case)

PAR,
PAR, (RAD)
Ph1 (spec)

RAD

The number of devices in a sample of devices
The number of lots in & sample of lots

Parts that have not been tested witn radiation or parts that fail the radiatior
test criteria

Parts that meet the criteria for weilitary standard (MIL-STD or JAN)
specifications or for Standardized Military Drawings (SMD).

Parts that do not meet the criteria for Military Standard (MIL-STD or JAN)
speci1fications or for Standardized Military Drawings (SMD)  There are three
types of nonstandard parts that are used for military procurement. They are
as follows a) Selected Item Drawings (SID), b) Source Control Drawings (SOCD),
and c) Specification Control Drawings (SCD)

Measurements made on a device when 1t 1s not being irradiated

One sided tolerance Limit

The probability that any part from a lot can pass the test conditions, aliso
called the precepart survival probability

The pre-rad parameter value measured for the i1-th device
The post-rad parameter value measured for the 1-th device

The radiation level required 1n the device specification for lot acceptance

tests
Equals 100 ergs of absorbed energy per gram
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Radiation hardness
assurance - The application of methods and procedures during the procurement of an

electronic system to ensure that the radiatiyon response of the system 1s within
known and acceptable Limits

Radration hardness
maintenance - Procedures applied during the deployment phase to ensure that the system's
operational procedures, maintenance requirements and aging characteristics
maintain the system's hardness These procedures Include tests and

inspections

Radration hardness
surveiliance - Periodic inspection and testing during the ti1fetime of deploved svstems to
ensure that, within acceptable tolerances, the radiation responses of the

systems remain adequate for mission completion

RHA devices - Parts labelled by letter desygnators which indicate that the part type has
passed tot acceptance tests based on a sample of devices tested to the device

specification radiation levels

4

A specification that 1s written against any standarc part when the system
design has a critical requirement not covered by the standard part
specification (JAN or SMD)  The acronym for thic term 1s SID

Selected 1tem drawing

Standardized mylitary

drawing - A specification written for parts which are listed 1n MIL-BUL-103 and for which
DESC has a certificate of compliance to MIL-STD-883 Approved sources of
supply are Listed on this arawing Periodic compliance verification audits are
performedata do not contain any faulty measurements or nonrandom effects The
oata should be examined also tor sufficiency Data examination s all the more
important when a significant amount of time has elapsed between the
characterization measurements and the data analysis o~ when the person or
organization undertaking the data analysis 1s different from the persons who
took the dats 1n the first place Some of the most common reasons for
suspecting that data mav be bad are discussed beiow

4 GENERA_ CONSIDERATIONS

4 " Device performance 1n the radiation environment Many mititarv and civiiian electronic systems must
operate reliably 1n radiation environments The design of such systems therefore requires that the performance
ot the indyvrdual component semiconductor devices in radiation environments be characterized The production
of the systems then further requires that the parts purchased for production have characteristics at least as
good as those on which the design was based These guidelines discuss how to characterize the performance of
semiconductor devices 1n radiation environments and how to obtain hardness assurance through device procurement
specifications based on the characterization data Applications to an existing system of Military Standard
(MIL-STD or JAN) detailed specifications for Radiation Hardness Assured (RHA) devices are emphasized but the
discussions may be applied also to other part specifications Radiation hardness assurance 1s generally
achieved through the use of Lot Acceptance Tests (LAT) n which parts from the tot being purchased are
irraciated and tested Because the MIL-STD lot acceptance tests rely largely on pass-fail tests in which a
part's performance 1s compared to a specified end-point Limit, tnese guidelines discuss, specifically, how
Radiatyon Hardness Assurance End-Point Limits (RHEPL) for such tests should be calculated from the
characterization data

4 71 Degrading effects of radiation The pertormance of semiconductor devices can be degraded by exposure
1o radiation which produces 1omization or displacement damage Depending on the type of radiation inciaent on
the ogevice, the rate at which energv 1s absorbed, and the total accumulated amount ot absorbed energy the
gevice performance can be degraded permanently or temporarily Examptes of temporary degradation are (8)
circurt upset due to the instantaneous photocurrent produced throughout the device by @ short pulse of high
intensity 10n1zing radiation or (b) circuit upset due to the collection of charge from a single, local, 1onized
particle track passing through the device Upsets due to photocurrents are commonty called dose rate upsets,
upsets due to the collection of charge from single jonized tracks are called Single Event Upsets (SEUs)
Examples of permanent damage are (a) device failures due to atomic displacements produced 1n the semiconductor
(usually by neutrons), (b) failures due to trapped charge 1n insulating layers, which are present in most
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devices, produced by tonizing radiation, or (c) latch-up or burnout produced by photocurrents or by single
vonized tracks  Trapped charge effects are sometimes called omizing rediation dose effects or total dose
effects However, because of time dependent effects after 1irradiation, specifying the total dose 1s not
considered adequate for describing these effects

4 1 2 Radiation hardness assurance 1f nondestructive electrical measurements alone could be used to predict
the performance of a part type in a radiation environment, then the hardness assurance problea would be largely
solved One of the cases where such measurements have proven useful has been that of using transistor current
gain-bandwidth product, f_, measurements to screen out (by requiring ft to be above some minimum value) parts
which would be extra sensitive to neutron displacement damage For wonizing radiatiyon dose, 1t 15 necessary
to use actual radiation tests to assure the radiation response of a part In practice, radiatyon hardness
assurance 1s achyeved most commonly through the use of LAT which are performed on the lots that are being

purchased

4 13 Dose rate tests For the dose rate upsets discussed previously, 1f sufficient care 1s used, radiation
tests can be nondamaging Thus, parts which have been tested can be used for production In this case 100
percent of the parts to be used for system production can be tested (screened) and a high degree of assurance
can be obtained that the parts will meet system requirements Caution 1s still required, because there exists
some possIb1lity, especially for complex microcircuits, that the screening tests conducted will not have covered
the worst case conditions or exercised all possible paths Report number DNA-TR-86-29, 14 November 1985,
entitied '"Dose Rate Hardness Assurance Guidelines," may be consulted for a detsiied discussion of this problem

4 1 4 Displacement damage steady state ijonization and single event upsets For displacement damage, steady
state onization effects, and single event upsets, the radiation tests are damaging and 1t 1s generally not
possible to use the tested parts 1n the system The use of damaging radistion tests thus produces the central
probles of hardness assurance, namely, that estimates of the survival probability of the parts to be used 1n
the system must be based on statistical inference from a tested sample of parts which are degraded by the tests
and theretore cannot be used n the system This problem 1s compounded by the fact that production processes
can varv so that the currently produced radiation hard parts may not be typical of those that were measured 1In
the past This case, which 1s common, has been carefully reviewed by both users and manufacturers of
semiconductor devices  The consensus opinion is that, 1f no additional information 1s availabie, the degree
of haraness assurance obtaineoc Tror the detaiies specification 1s timited statistically to that provided bv the
radiation LAT or Quality Conformance Inspections (QCIY tha*t are pertormed (the term QU] 's reserved for tests
performed bv the manufacturer betore the lot 1s apnroved tor shipment)

4 2 MIL-STD procurement system In order to make high reliability hardness assured oevices available to
designers and manutacturers of systems, the existing MIL-STD procurement syster was augmented a few years ago
to wnclude RHA semiconductor devices At the present time, JAN RHA parts are labelied by letter designators
which indicate that the part type has passed lot acceptance tests based on & sample of parts tested at the
radration Levels shown in table 1.

4 3 Lot acceptance tests Lot acceptance tests are used n the MIL-STD system for determining whether a
production lot s of high enough quality so that 1t can be shipped by the vendor The tests are of a
statistical nature and fall into two general categories: (a) attribute tests and (b) variables tests

4 31 Atiribute variables tests Attribute tests are the tests most often used in the MIL-STD procurement
systenm For this reason, these guidelines will be directed at the use attribute tests for lot acceptance
Variables tests, on the other hand, are often used for qualifying and accepting system production parts and,
tor such use, mav depend on the particular hardness assurance and derating procedures that the given system 1s
using Vvariables tests, therefore, more properly should be discussed as part of a system hardness assurance
guidelyne document and, for that reason, are not discussed in detail here
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TABLE 1. Military standard RHA detailed specifications.

Hardness assurance levels
* . *% Fkk
Letter designator Ionization effects Neutrons
/ NO RHA NO RHA
" 3 X 10° rad(SD) 2 x 10"
) 1% 10* rad(sD 2 x 10"
R 1X10° rad(sD 2 x 102
H 1% 10° rad(SD) 2 x 1012
* For microcircuits, the letter designator for RHA parts replaces the slash in the part number;
e.g., 38510R291A in place of 38510/291A. For discrete devices it is a suffix, e.g., JANTXVR.
*k At a dose rate of 200 rads(SI)/SEC plus or minus 100 rads(SI)/SEC.
Tk 1 MEV silicon displacement damage equivalent neutron fluence.

4.3.2.2 Adventages and disadvantages of attribute tests. An advantage of the attribute tests is that the
dsta collection and analysis are simple and relatively inexpensive. A further important advantage is that the
test is distribution free (i.e., no assumptions are required about probability distributions). However, a major
drawback is that the tests require inordinately large sample sizes if significant survival probability
requirements are imposed. For example, to check with 90 percent confidence that a Lot has at Least 99 percent
survivable parts, i.e, that the LTPD is 1 percent or less, it is necessary to test a sample of at Least 231
parts with no failures. It is interesting to note that attribute tests can be applied to attributes that can
assume more than just the two values of pass or fail. Acceptance criteria for Lots can also be based on a mix
of attributes that may be desired (e.g., with confidence C the probability of a given attribute must be between
49.9 percent and 50.1 percent).

4.3.1.2 The n/c test. The most common type of attribute test is the so called n/c test where a sample of
n parts is tested and if more than ¢ of the parts fail the test then the lot is rejected. The significant test
result for each part is the attribute of passing or failing and hence the term attribute test. The usual
failure criteria for parts are: (a) functional failure or (b) deterioration of any critical parameter past an
acceptable limit.

4.3.1.3 Multiple sampling. Some attribute tests allow the drawing of extra samples if Lots fail on the first
try (multiple sampling plans). A common multiple sampling plan used in the MIL-STD system, for example, is a
test of 11 parts where the Lot is passed if there are no failures. Then, if there is exactly one failure, an
additional seven parts may be sampled and tested with no further failures allowed. If there is a total of two
or more failures, the original lot is rejected.

4.3.2 Cconfidence and probability. The results of the MIL-STD attribute lot acceptance test are phrased in
terms of & confidence C which is the chance of rejecting a lot where there is less than a probability P that
any part in the lot can pass the test conditions.

4.3.2.1 Usual confidence and probability. In the MIL-STD system, the significance of an n/c attribute test
1s usually given in terms of 90 percent confidence and a quantity called the Lot Tolerance Percent Defective
(LTPD) which may be found, for example, in MIL-M-38510, the general specification for microcircuits. These
tests are, therefore, commoniy also referred to as LTPD tests. Thus, for example, the LTPD associated with an
11/0 LTPD test may be found in the table to be 20 percent. An 11/0 LTPD test will therefore provide 90 percent
confidence that a lot with 20 percent defective parts or greater will be rejected. In terms of the probability
P mentioned in 4.3.2, LTPD equals 1 minus P.

10
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433 variables tests  Variables LAT tests measure a post-irradiation parameter and apply statistical
analysis using approximate or exact probability distributions to describe the variability of that parameter
(hence the term variables) Usually pre-irradiation values are also measured and they often figure n the
analysis (e g , when the quantity of interest 1s the change 1n the parameter, sometimes referred to also as the
parameter "delta") Sometimes the variable of concern 1s the stress to failure

43 31 Advantages and disadvantages of variables tests The major advantage of variables tests 15 that a
high probability requirement may be imposed even 1f the sample size 15 only moderate (typrcally 10-50 parts)
A disadvantage 1s that the measurements and analysis are generally more complex and expensive The major
disadvantage, however, 1s that assumptions must be made about the probability distribution governing the failure
of parts 1f the distribution s very well known, then this technique can yield high probabilities with high
confidences However, 1t 1s usually ditficult to know the "wings" of the distribution accurately Therefore,
extrapolations to excessively high probabilities (such as 0 999) based on experience with only a few parts must
be regarded with skepticism It 1s important to note that, for some kinds of electronics etfects (e g , latch-
up), there 1s very little reliabie information about the nature of the goverming probability distribution

4332 variables tests depend on tolerance Limits Variables tests depend on tolerance Limits which must
be compared with the given specifications for the parameter or stress A lot 15 rejected 1f the parameter n
question deteriorates beyond an acceptable Llimit (or 1f the stress to failure 1s below the required
specification) The tolerance Limits are chosen such that with confidence C, the probability 1s at least P that

parts will not fail the test

4 3 3.3 Confidence and probabitity for variables tests There 1s a confidence ¢ of rejecting & lot 1f there
1s less than probability P that any part in the Lot will meet the specified parameter (or stress) tolerance
Lymt

43 34 Lognormal distribution The most commonly assumed distribution for the testing of electronic parts
1s the lognormal distribution (1r the lognormal distribution 31t 1s the logarithm of the guantity that 1is
normally distributed? The normal distribution 1s also frequently used Other probability distributions which
have been suggested for some circumstances are the Weibull distribution and the extreme value distribution
11 enougt parte have been tested, the characterization data can be examined, perhaps with a chi-square test,
to see which type o* distripbution fits best

4335 Ramifications to variables tests As iIn the case of attribute tests, there are many ramifications
to the use of wvariables tests ir some cases (e g , step-stress tests) the uncertainty 1n the measured
parameter or stress can be of ymportance In other cases a two-sided tolerance Limit may be of wmportance
Because MIL-STD device specifications use attribute LTPD tests almost exclusively, this document will not
address the ways 1n which variables tests may be used It should be recognized, however, that, when systems
require very high piecepart survival probabilities, variables tests for Lot acceptance mev become necessary

4 3 4 Ssampling statistics The word confidence, as used here, refers strictly to sampling statistics and
1s the chance of rejecting a lot where there s less than a probability P that any part i1n the lot can pass the
test conditions. The general practice 31s to take this confidence as the confidence that shipments will be
acceptable This Latter use of the word confidence 1s a matter that 1s being discussed n the still somewhat
controversial subject of Bayesian statistics and 1s beyond the scope of this document The i1mportant point 1s
that the Latter confidence may only be approximated and involves judgmental decisions A common practice In
hardness assurance 1s to take the sampling statistics confidence as the confidence that accepted parts will
survive This 1s an approximation which, though usually valid, may sometimes lead to error  Perhaps the best
justification for such an approximation 1s that 1t 1s usually not the ma)or factor which limits the accuracy
end confidence levels associateq with system survivability estimates and risk assessments often, a2 more
difficult problem, for example, 15 simulation *idelity (does the test accurately represent the threat
environment that 1s specified for the system)

4 35 PReasonsbility of risk assessment results The major point of the above discussions 1s to show the
approximate nature of risk assessment Excessively high survival probabiylities, such as, for example, &
survival probability of 0 999999 (so called é-nines) mav be unreliable for a number of reasons First of all,
such numbers can only be obtained from extrapolations based on an exact knowledge of the probability
distribution  However, because radiation tests use modest numbers of parts and the parts which are tested
cannot be used afterwards, knowledge of the assumed probability distribution 1s never adequate for such
extrapolations Thus, for example, some accidental occurrence during the production of the parts may, with a
probability exceeding 1 minus 0 999999, produce a part which does not fit the probabyli1ty distribution assumed

1
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for the majority of the parts, the presence of such parts cannot be detected with confidence by the sample sizes
which are typical of radiation tests At the 6-nines Llevel also, human errors 1n making measurements or 1in
handling the parts can become a significant failure mode which 1s totally outside the assumed causes of part
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FIGURE 2 flow diagrar for characterizing and specitving the performance of semyconductor
devices 1n a radiation environment

4 «  Part characterization Figure 2 shows the major steps by which characterization data 1s measured and
usec for catculating the RHEPL which are then used 1n the device procurement specification for radiation
qualification and LAT  An mportant pownt shown on figure 2 1s that an objective must be selected fo~ the LAY
(or QCI) tests and that the RHEPL are then calcutated to meet that objective (the acronym PIPL, standing for
post-irradiation parameter Limits, 1s also used) Thus, for exampte, the objective could be to set the end-
point Limits so that, with 90 percent confidence, at least 90 percent of future lots may be expected to pass
a 22/0 test  Pre-rad measurements are essential when the change (delta) 1n the value of a parameter 1s of
greater nterest than the absolute value of the parameter Although they may not be essential when the absolute
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value of the parameter 15 the important quantity, they are nevertheless highly desirable Figure 2 and
subsequent discussions, therefore, include pre-rad measurements as part of the characterization procedure

4 5 Considerations beyond the scope of this document

4 5 1 Incorporating additional radiation and nonradyation ynformation If information 1s obtawned 1n
addition to that provided by the given LTPD test against the RHEPL contained 1n the detarled device
specification, then, for particular system applications, there are several methods by which RHA part survival
probabilities can be obtained which are higher than those which correspona to the LTPD test alone  These
methods nclude The use of the next higher radiation level RHA part, radiation overtests, the use of lot
rejyection nformation, the use of variables testing for LAY, and the use of derated parameter values As an
example, most systems manufacturing companies are already familiar with use of derating factors for temperature
and aging Radiation dersting factors may be used in much the same way and can thus be fitted nto existing
practices These methods properly belong 1n a document on system Level hardness assurance and are not further

addressed here

4 5 2 Further complex guestions The statistical questions involved n hardness assurance and (ot acceptance
tests range 1n complexity ftrom cases for which the analysis methods are relatively straightforward tc those for
which the required tformalism 1s still being developed In the former instances, these guidelines provide simple
step by step procedures that may be used for the analysis of the characterization data In the latter
instances, which are bevond the scope of this document, these guidelines can only suggest approaches which are
overiy conservative or recommend that statisticians be consulted for less conservative but still valyd analyses
In the latter category are cases where the within-lot variations are comparable to lot-to-lot variations (in
this case the definition of sample size can become uncertain), cases of combined environments or combined
parameters, and cases where not enough data 1s available The 1987 paper bv Namenson and Arimura, Listed n
2 2, may be consulted for an approach to multilot and multiparameter data analysis

5 DETAILED REQUIREMENTS

51 Characterization of piecepart perfarmance in radiation environments (see figure 3) The first step
reguired for developing a device specification 1¢ to characterize the radiation response of the part type 1n
aguestion  Such a cnaracterization for one or more radiation environments requires measurement of 1ts post-
1rradiation performance anc usually 1ts pre-irradiation performance ac well The parts, generally, should
be characterized through to faillure so that the specifications can be written, 1f necessary, for the maximur
capability of the part type For the present discussion 1t 1s assumed that the purpose of the characterization
measurements 1s to support the calculation of parameter end-point Limits for gualification and LAT tests 1n a
HIL-STD deta1led specification and that satisfactorv data for the part type in question does not already exist
In this case, the characterization measurements should be such as to permit these calculations to be made for
the radiation levels given in table 1 Atternatively, the characterization measurements may be required 1in
direct support of a hardened system design or production (custom specifications) In this latter case, the
parameters which are measured and the types and fluence levels of the radiations which are used should reflect
the system reguirements and the specific vendors who are expected to be suppliers for the system The
characterization measurements should alsc determine the radiation leveis required to cause part failure, such
information can be 1mportant for estimating the design margin when the part 1s used n some particular

application

To simplify the present discussion, we assume that the average post-irradiation performances of a part type may
differ for different manufacturers and, for a given manufacturer, may differ from one lot to another, but that
the average radiation response characteristics of a part type, for a given manufacturer, do not significantly
change with time This latter assumption mav not always be warranted 1t s needed to keep the nitial
discussion of data measurement and analvsis free of the additional complexities that time variations produce

511 Documentation of charscterization information Experience has shown that the analysis of radiation
data at a future time or by persons other than those who performed the measurements 1s enormously facilitated
by good documentation of the test resutts At the same time, a need to analyze previously acquired data or data
acquired by others 1s common For these reasons and because new measurements are costly, these guidelines
recommend that the overall characterization measurements be summarized 1n a characterization report and that
the conditions under which the measurements were made be documented 1n a test plan which 1s included n the
characterization report  These documents should furthermore be sufficiently complete so that independent data
analyses can be performed on the results contained therein

13
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5111 Characterization report The steps required to characterize the performance of a part are shown on
figure 3 and discussed 1n the sections that follow In general, the discussions i1dentify the decisions that
have to be made and the factors that should be considered for each topic. The information developed 1n these
steps 18 then to be documented 1n the characterization report Some of these ytems will also be Listed in the
overall test plan for the measurements This approach preserves all the information that s developed 1n the
program but keeps the test plan as short as possible A check-off List of all the steps required for the
characterization measurements 1s given wn tabie II
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FIGURE 3 flow diarar for~ characterizing the performance of semiconductor devices 11 a
radiation
environment
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TABLE II Step by step procedure for characterization measurements

Step Check-off item
1 Start preparing the characterization report The characterization report will document the
information issuing from steps 2 through 25
2 Ident1fy the manufacturer
3. Specify & way of selecting a random sample
4 Specify sample size and distribution 1n time
5 Select the samples, 1include extra parts for equipment checkout
é Record device 1dentity for each sample device, 1include traceability to process tot 1f
applicable
7 Select radiation environments
8 For each radiation environment, select test parameters
9 For each parameter, select test conditions, 1f possible, post rad conditions should be the same
as the pre-rad conditions Include {ocation in test cell, bias conditions, etc
10 Specity a data tormat
" Start preparing the test plan The test plan will be a subsection of the characte-ization
report that will document the information 1ssuing from steps 12 through 24
12 Perform pre-rad measurements
W2 Examine measurement results for bac devices or data outliers
Ta Repiace bac gevice or repeat measuremeni, whichever 1s indicated
15 Record measurement conditions and results according to the specified data format.
16 For each radiatyon environment, select irradiation faciiity
17 For each radiation environment, specify 1rradiation conditions, and device operating conditions
during the irradiation
18 Estimate device failure Llevels ncluding possible abrupt failures.
10 Specify 1rradiation step-stress fluences or dose rates to ensure an adequate set of
measurements
20 As required, check out the irradiation procedure, test fixture, and measuring equipment with
spare parts
21. Perform radiation exposures and record i1rradiation conditions
22 As required, perform i1n flux or post radiation measurements
23 Examine measurement results for bad devices or data outliers
24 Replace bad device or repeat measurement as 1ndicated
25 Record post i1rradiation measurement conditions and results In the characteryzation report
according to the specified data format
26 Transfer data to the ERRIC DNA dats bank (see 5 1 12 2)
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512 Selection of manufacturers For a selected part type, the potential manufacturers to supply that part
for government procurement should be 1dentified 1f the part type 1s already a JAN type, the QPL will serve
as a starting point  DESC and the preparing activities for the military standard procurement system (RADC,
SPAWAR, and NASA) should be consulted, however, to learn whether additional vendors might be 1n the process of
qualifying for that part type. 1f the part 1n question 18 to be supplied to a Standardized Military Drawing
(SMD) or other government specification, then the List of vendors will need to be cbtained eiyther from DESC or
the cognizant project office

513 Selection of randon test samples Sample parts for testing should be selected at random Because of
cost, par~t availability, schedules, etc , 1t may not always be practical to obtawn an adequate set of samples.
The procedures discussed under data analysis 1n 5 2 4, will still apply but will produce 1ncreased uncertainties
1n the results which will refiect the 1nadequacy of the sample of parts which was used for the characterization
One wav of saving costs might be the use of parts which have passed group A electrical performance tests and
a.ternate visual criteria, this possibility 1s mentioned for VLS] parts yn particular but could have application
whenever the cost of sample parts 1s a Limiting factor It 1s always advisable that the test parts have gone

through burn-1in

51 4 Obtaining samples Once the vendors have been 1dentified, samples of parts should be obtained from
each vendor For each vendor, the samples need to be taken 1n random fashion from each Lot of parts that 1s
being used and the lots need to be selected so that they represent, as accuratelv as possible, production
characteristics The production variations which are of concern are (a) variations over time, (b) variations
from one wafer Lot to another, (c¢) variations from one wafer to another 1n a2 water lot, and (d) variations of
the devices f‘rom one region of the wafer to another

A few extra samples should be obtained to cover the possibility that some devices may, 1n later measurements,
prove 1o be either bad devices or outliers which will need to be replaced

51« 1 Recommended sampie size To meet the concerns tisted in the previous section, the following
quantities, for each vencor and for each radiation environment, are recommended

a Three wafer Lots taken at least 1 month apart
c Five wafers per wafer lot

Five aevices pe- wafer taken one from each quaarant and one from the center

8]

A few extrs samples should be obtained to cover the possibility that some devices may, n late~ measurements,

prove tc be eithe~ bad cevices or outliers whick will need to be repiaced See 5 2 4 1 7 for a discussior of
bad devices or outliers

5 % & 2 Reduced sample sizes It should be understood that, in cases where the recommended quantities prove
1o be wmpractical because of cost or schedule mpacts, the vendor may propose reduced sampling requirements
Reduced requirements may be acceptable, for example, where data exists showing the radiation response of the
part type in question to be stable and predictable over iong periods of time or that the part response will be
similar to that of another part

5143 Minymum sample sizes The sample size recommended n the previous section, for each vendor and
radration environment, 15 a total of 75 devices 1¥ that number of devices cannot be made available, then
reduced sample sizes will have to be considered Roughly speaking, 25 1s the minimum sample size which should
be used for a characterization measurement, the more parts the better for this minimum sample size, the
recommendation 1s that five different lots be sampied and that five samples per Lot be taken A sample of 25
will at least allow & coodness of fit test to determine whether the parts' behavior belongs to 2 well defined
statistical distmibution ¥ the relevant parameters degrade gracefully with ragiation and 1f the probability
distribution 1s known well enough, then five or even as few as three parts from each Lot might be adequate
Larger sample sizes will reduce uncertainties about the nature of the governing probability distribution and
will therepy permit better performance estimates for the parts remaining in the populatyon from which the sampie
was drawn Sample sizes which are too small mav result 1n characterization data with large statistical
uncertainties These uncertainties can result 1n overlv conservative decisions about how the part should be
used or purchased and may lead to costs which will more than undo the savings produced by the small sample size
No simple prescription tor selecting sample size can be given Relevant factors, 1i1n addition to part cost,
which witl atfect how large the sample size should be (for each vendor), will nclude the amount of previous
knowledge available about the part and the variabiylity of the parts' performance on a single wafer, withwin a
wafer lot, and from Lot to lot If lot to Lot variability 1s large compared to variability within one Lot (a
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not uncommon occurrence) then, 1n the data analyses that are performed, the sample size effectively becomes the
nunber of lots and not the number of parts tested

5144 Sample si1zes 1n characterization report The number of samples to be tested, for each vendor, 1s
10 be included n the characterization report and in the test plan

TABLE III Device 1dentity information

Device 1dentification number

Generic part number

JAN part number (1f applicable)

Name of the manufacturer

Lot date code

Lot number (wafer Lot number, 1f available)
wafer number (1f applicable)

Serial number (for each device)

Package type

Special selection criteria (1f applicable)

— -4 JO 4000 o0Oo

$ 15 Device 1dentitv _number snd pedigree Serious problems in analyzing data have also been experienced
because the device that was tested was not adequately 1dentified The nformation needed to establish an
adequate device 1dentity 1S shown n table III This information should be recorded in the characterization
report As discussed 1n 51 7 5 on data format, a subset of the table 111 wnformation should be included when
the actual test data 1s recorded and tabulated n the characterization report It should be recognized that
radyation response characteristics, especially for 1oni1zing radiation dose, can be very sensitive to processing
condityons  Thus, to the maximus extent practicable, all processing steps and equipment should be documented
for the Lot under test Whenever possible alsc the lot under test should be & wafer Lot, because a wafer lot
1s definec as one for whicn all processing step: are the same and performed with the same equipment In the
case o* JAN class S devices water identity 1s also availabie and shoulo be recorded

£ 16 Selectior of radiation environments The characteryzation report and the test plar should 1dentity
the radiation environments, such as neutrons, lonizang radiation dose (total dose) and dose rate, also the type
of radiation , 1 e , whether electrons, gamma rays, protons, etc , and heavy 1ions or protons SEU, the radiation
facilistyes, and the levels that will need to be used for the testing This step should precede that of
selecting the test parameters to ensure that no parameters are overlooked which might be especially sensitive
to & particular radiation environment fFor the two radiation environments of principal interest here, namely
neutrons and 10nizing radiation dose, the effects are expected to be independent and characterization
measurements can be made separately for the two environments If the effects from two environments are expected
to depend on each other, as for example, temperature effects on dose rate i1nduced latch-up, or 1ionmizing
radiation dose effects on SEU sensitivity, then each part will have to be exposed to both environments If the
given part type 1s known to be very hard to a particular radiation environment as, for example, an MOS device
mav be to neutrons, then characterization measurements for that type of radiation may be omitted Careful
consideration should be given, however, to the possibility that intentional or parasitic sensitive eiements
(e g , bipolar devices 1n the MOS example cited) may be present in the device.

517 Selection of test parameters ALl the parameters that are to pe measured need to be selected and
Listed 1n the test plan Normally for JAN parts, the subset of group A electrical parameters that are known
to be sensitive to the selected radrations will be used In some instances, the change 1n the value of a
parameter 1s more significant than the absolute value of the parameter for those cases, the test plan should
specify that the change, o~ delta, n the parameter value be measured

5171 Jest conditions and parameters to be recorded The parameters or circuit functions that need 1o be
measured will have to be 1dentified and Listed in the report and in the test plan along with the experimental
cond1tions under which the measurements are to be made The specified conditions should include both the
nominal and the worst case conditions under which each parameter should be measured They should also include
such quantities as, bias voltages, operating frequencies, and ambient temperatures before, during, and after
irradiatyon  For the worst case measurements, the report should contain recommendations on how such conditions
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may be derived or at least bracketed (circuit analyses may be required to arrive at worst case conditions)
Thys section of the report may also be used to 1dentify, for each parameter that 1s to be measured, what value
of the parameter constitutes device failure Such definitions are needed In connection with the fluence to
failure measurements recommended eariier for permitting estimates of design sargin to be made for particular
applications Failure may be either parametric failure, loss of functionality, or degradation to the point
where the device can no longer be used

§172 Objectives of the test conditions and parameters The selection of test condityons and test
parameters will depend on the objectives of the test, time and budget constraints, and, possibly, other factors
For each test, however, the wnformation listed 1n table IV should be recorded n the characterization report
As 1s discussed 'n 5 1 7 5 on data format, a subset of the table IV information should be included when the
actual data 1s tabulatec and recorded in the characterization report Experience gained by the DNA sponsored
ERRIC 15 the basis for most of the recommendations contained 1n these guidelines regarding data requirements
and format

517 3 Narrative w.formation The narrative information Listed 1n the table IV 1s used to provide a further
description of the device and the test conditions required for esch test

5174 Svmbols A partial list of MIL-STD symbols for particular device parameters and the corresponding
symbols used by ERRIC 1s given In appendix A A standard List which all users have agreed to use does not exist
tor device parameters As a result, different symbois are sometimes used by different organizations for the
same device parameter ERRIC can receive data labelled n any way and uses a narrative comment as part of the
data storage to make sure the device parameter 1s properly 1dentified 1f data processing programs are used
for analvzing the behavior of particular parameters, provision should be made for recognizing some limited set
of the svmbols for the parameter in question 1n addition to those given 1n appendix A

5175 Specification of a data format Although data format would appear to be a simple matter, past
experience has shown that severe difficulties can be encountered, particularly with computerized dats analysis
programs, 1f a standardized cata format 1s not used to record the data Because the accumulation of radiation
response 1nformation 1n a centralized date bank can help avoid duplication of such measurements and 1s therefore
highly aesirablte, the osta format recommended here 1s the one used by ERRIC

TABLE 1V Pre- and post-irradiation measurement intormation

a Name anc organization of test engineer

b List of equipment used for measurements and calibration procedures

c Description of test procedures or test standards used

d Electrical test date

e Test number

f List or table of electrical test parameters and corresponding bias conditions, (note that the pre-
rad bias conditions should be used for the post-rad measurements)

g A complete time history of the individual 1rradiations and the post-irradiation measurements
(especially necessary for Joni1zing radiation dose (total dose) because of time dependent effects)

h Ambient and/or case temperature

3 Sample size

} Electrical measurement results for each parameter

k Narrative 1nformation

51751% bdefimition of a test number in ERRIC  In ERRIC, a unique test number 1s assigned to both the pre-
and posi-rad measurements that are made on a single parameter under a single set of bias or operating
cond1tions, for all devices 1n the sample and for all the radiation fluences used The information which 1s
common tc 8 unique test number anc which can be useo therefore as the heading for that test number 1z listed
n table V. Pre- and post-rad test results obtawned fo~ all the sample gevices that are covered bv the same
heading are then listed under a single test number Table V1 shows an exampie ot how ERRIC data 1s recorded

For test number 2 and subsequent tests made on the same devices and for the same irradiation conditions, the
first three Lines of the heading need not be repeated Thus, the data for test number 2 could be recorded as
1n table VII
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TABLE V. Example of ERRIC test data

Test number 1, Test date 10-21-85

Type o radiation  Neutrons, Radiation facility PMI

Device type DAC-D8, Manufacturer ABC, Lot date code 8429
Parameter  1REF, Units @A

Test conditions and narrative nformation

B1t high speed multiplying D/A converter (device description included only for test number 1)

8
b Reference bias current (parameter description)
€ V¢ =15V, V- = -15 ¥
d Measured 24 bours after the end of the irradiation
Measurement data
Device Radiation level
serial PRE-RAD 2 O0E12 6 00E12 1.00E13
number
0271 2 00 2 00 2 00 2 00
0272 2 00 2 00 2.00 2.00
TABLE V1 information commor to a unigue test number r ERRIC
) Singte type of radiation and corresponding test tacility
b Single part tvpe
c Single manufacturer
d Singie test date (post-rad)
e Single Lot date code
f Single water Lot number (1f available)
g Single parameter measured and associated bias or operating conditions
h Narrative information (should 1nclude 1nformation about the irradiation conditions and time history
of the irradiations and the electrical measurements)

518 Jest pilan Figure 3 (see 5 1 1.1) and table Il (see 51 1 1) show the ma)or steps 1nvolved n
characteri1zing the radiation response of a part Also shown are the steps which are 1ncluded 1n the test plan
The test plan should, as a2 minimum, address the pre-irradiation measurements to be made, the 1rradiations to
be pertormed, the post irradiation measurements to be made, and, finally, should specify the data documentation

reguirements and format

>

make characterization measurements efticient A qood test pLan will minimize costs by specifvino the data set
which will meet the objectives of the measurements and by optimizina the use of radiation test facilities and
part samples The test plan should also faciiitate subsequent data analysis bv specitying a data format which
will be easy to use and will protect against 1nadvertent omission of required data points by providing a check
l1st for the measurements

S 181 Advantages of a good test plan  The development of a detailed test plan 1s recommended as a way 1o
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TABLE V1l ERRIC data format for test number 2 in a series

Test number 2 , Test date 10-21-85

Repeating test information Same as lines 2 and 3 for test number 1
Parameter 25 , Units ®A

Test condityons and narrative information

2 lero scale current (parameter gescription)
b V¢ = 15 ¥V, ¥- = =15 ¥
c Time of measurements referrec to the end of the 1rradration

Measurement data

Device Radiation level

serial Pre-rad 2 DOE126.008121 O0E13
number

0271 4 20E-5 2 DOE-S6 S50E-51 67E-4
0272 -2 DOE-6 & 70E-59 O0E-52 S4E-4

5182 Pre-irradiation measurements and data examination 1f the pre-irradiation characteristics are
measured, the measurements should be made according to the conditions listed 1n table IV (see 51 7.2) and
recorded in the format given n table VI (see 51 7 5 1) and table VII (see 5 1.7 5 1)  The data should be
examined to make sure that there are no bad measurements, devices or oata outliers 1n the sample. This
examination 1s important to keep bad data from being entered into the report If bad or anomalous data are
taken, this fact together with an explanation of why the data 1s not being used should be recorded in the
characterization report even 1f the dats are not sent to ERRIC or some other data bank  The annual books of
ASTM standards, (isted 1n 2 2, contain manv of the test methods that can be used for msking radiation response

measurements

[+

alignment 1n the holding fixture and when the devices mre sttached to the test circuit Biras voltages should
be oft during attachment ESD handlinc procedures should be observed for the class of parte being tested

£182 caution Cautior should be exercised wher dev-ces are handled particularty with regard to pin

5184 Irradiation conditions The 1rradiation conditions and tne reasons for selecting them should be
discussed 1n detayl 1n the characterization report and summarized n the test plan The nformation tc be
mncluded n the test plan 1s Listed in table VIII  The various questions that need to addressed in selecting
the 1rradiation conditions are discussed in the sections which follow for each of the selected radiation
environments, the plan should i1nclude the test facility selected, the responsible organization and personnel,
recommended dosimetry techniques, the maximur fluence or 10n1zing radiation dose to be reached (whenever
possible, the radiation Levels should be high encugh so that most of the test devices can be made to fail), and
vhether device measurements will be made "in flux*, 1 e , while the device 1s bewng 1rradiated, or whether a
ser1es of discrete irradiations with measurements following each irradiation will be made In the Latter case,
which 1s sometimes called step stress testing, the test plan should specify the number of irradiations to be
made amnd the Yomizing radiation dose or fluence for each 1rradiation 1n the series  Because time dependent
eftects can be very wmportant, especially for 1onizing radiation dose, a complete time history of the
irradhiations and the post-radiation or in-flux measurements should be recorded Thrs time history should
wnclude the start and stop times of both the 1rradiations and the measurements as well as the rate at which the
1onizing radiration dose was delivered The test plan should state, whenever possible, that a standard
irradiation test method should be used and give the appropriate reference
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TABLE V1II Irradiation conditions

Name of the radiation test facility

Name and organization of radiation test engineer

List of dosimeter types and readout eguipment

Date of irradiations

lrradiation run number

Number of samples 1n each rradiation

Placement of samples with respect to the radiation source

Radiation facility operational mode

For each irradiation, flux or dose rate, fluence or 1onizing radiation dose, start and stop times,
and ambient or device case temperature

1 Device bias conditions and whether 1n-flux measurements will be made

k Start and stop times for post 1rradiation measurements, Inciuding measurements made during a series
of radiation exposures (particulariy mportant for ionizing radiation dose because of the time
dependent effects which can occur)

- TWUQ . ® OO0 O w

5185 Estimates of device failure Levels To reduce costs and to optimize the usefulness of the data
obtained, 1t 1s important to estimate the expected failure levels for the selected device type and radiation
environment before full scale characterization measurements are begun Device fairlure witl usuaslly be defined
as parametric failure but mav sometimes be defined as functional farlure In the case of parametric failure,
1t 1s well known that different failure limits can be defined for different device applications For the
present purpose, engineering judgement should be used to define a failure Limit for each parameter being
measured The mportant point 1s that the lowest stress level which renders the device unacceptable should be
considered as the failure Level Estimates of failure Levels will have to based either on previous experience
and data or on measurements on 23 few parts fror the availabie samples The steps by which the failure points
are estimated should be documented 1n the characterization report Because the definition of parametric failure
depends on the intended device application, the estimated failure points will only be approximately correct
They will nevertheless be useful for adjusting the irradiation Increments and the total fluences to match the
expected device performance The 1rradiation Increments ana the total fluences selectea on the basis of the
estmmated tailure points shoulc be listed in the test plan After the characterizatior measurements are
completed, device failure pownts can be more accurately defined

51 8 6 Gradual degradation For devices which degrade graduaily as they approach failure, 1t will generally
be useful to measure post-irradiatior performance characteristics as a function of accumulated radiation fluence
or 1onizing radiation dose because such results can be used to 1nterpolate or, In some cases, extrapolate the
part's performance to radiation levels other than those used in the tests For such devices, the number of
1rradiations and the radiation 1ncrements should be made commensurate with the expected failure Levels 1t 1s
worth noting that a gradual approach to failure may not always be monotonic, sometimes a parameter may first
1ncrease with radiation fluence and then subsequently decrease This behavior means that, in the MIL-STD system
and for the radiation levels shown 1n table I (see & 2), a part type that has been quatified at a higher level
may not meet the same RHEPL at 2 lLower level Qualification at a higher level should therefore not mean,
automatically, that the part 1s also qualified at a lower level unless care 1s taken to select the RHEPL so that
1t does not show less degradation at the higher level

5187 Abrupt farlure Some devices give little or no i1ndication that a radiation failure point 1s being
approached, until they fail abruptly, usually abrupt fajlures occur as lLoss of functionality The ctaim has
sometlimes been made that there 1s usually some gradually deteriorating parameter which can be used as a
predictor of abrupt faslure (e g a flip-flop circunt farting functionally when the fanout capability of the
circurt, as indicated by the sink current, degrades past a certain point) As 3 practical matter, however, a
device must be considered tc Tail abruptly when there 1s no feasible wer Lo pin-point 1ts faiylure level by means
of 1nterpoiation An estimated farlure Level 131s also 1mportant for such devices and should be used for
selectyng the number and increment value for the 1irradiations such that the abrupt tfailure point will be
narrowly bracketed Whenever possible, the most desirabie measurement 31s to monitor the device while 1t 1s
being wrradiated to determine the exact stress level where failure occurred Again, the estimated failure point
will have to be based on previous data or on measurements on & limited sample size before full scale
characterization measurements are made
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5188 Optimum use of radiation facilities Such factors as the number of devices which can be irradiated
at one time, the Length of time required for the i1rradiation, and the length of time required to complete post-
irradiation measurements should be considered when an irradiation schedule 1s being planned  The selected
1rradiation schedule should then be 1temized in the test plan.

51881 gselection of radiation levets For each type of radiretion and for each estimated device failure
level, a series of yrradiations should be selected so that data 1s obtained most efficiently The Lowest level
of radiation should be below that which produces any fairlures 1n general the subsequent irradiation increments
will be si1zeable fractions of the failure level 1f significant nonlinear behavior 1s produced, however, then
the Location of the nonlinear region must be estimated anc the radiation increments should be made smaller than
they are outside of 1t The highest radiation lLevel should be high enough so that all of the tested parts witl
fail This selection will not only allow the device specification to be written for the maximum capability of
the part type, should that be necessary, but will provide information on how close the part s to failure for
a8 given system application

51811 Selection of radiation levels and abrupt failure For step stress measurements and the presence
of abrupt farlure, the proper selection of radiztion stress levels 1s of particular importance because a bad
choice can compromise the measurements The spacing between stress levels should be as small as feasible At
the very least, care should be taken to assure that the spacings are small compared to the estimated standard
deviation of the faiture fluences for the parts to be tested An estimate of this standard deviation may not
be easy to obtain As a first approximstion, data on similar parts may be used 1f there s no suitable data,
smaller than expected spacing may be necessary for the first few parts and then, 1f costs can be lowered
thereby, the spacing for the rest of the parts can be adjusted according to the measured standard deviation
For a complete characterization, the highest stress level must be large enough to drive all the tested parts
to failure Very wide stress lLevels may require an extra large sample size Less than four stress levels are
unacceptable 1f abrupt failure of devices 1s considered a possibility.

5189 Efficrent use of test samples The costs of radiation testing and, for some part types, the cost
of the parts themselves both provide strong reasons for keeping the number of test parts as low as possible
In these circumstances 1t 1s essential that the experiments be specifically planned so that the maximum amount
of usetul information s obtained from the sampie size that 1s available Whenever possible, preparations for
the actua! tests shoulcd be conducted on spare ana perhaps less expensive parts which are not part of the final
sample

51 8¢9 Selection of exposure sequences Because most characterization measurements are destructive, a
singie device 1s exposed to only onhe radiation environment and the exposure seguence simplv proceeds from low
levels to functionat or parametric failure The cases where one device can be usec for two radiation
environments are those when the dose rate upset threshold measurement, which can be non damaging, 1s made first
and 1s followed by neutron, gamme ray, or SEU tests In these cases care must be taken to ensure that the
accumulated 1onizing radiation dose 1n the gose rate testing has not appreciably changed the characteristics
of the device The use of one device for two radiation environments 1s not recommended 1t should be
considered only when sample costs are so high that every possible way of conserving sample size must be used
Time dependent effects should be considered when a series of exposures 1s being planned

519 Radiation exposures Radiation exposures should be made in accordance with the test plan and should
contain at Least the information lListed 1n table VIII (see 5 1 8 4) Initral test system checkout, e g., of
test equipment operation, dosimetry, etc , should be sccomplished with parts which are lLess costly and readily
available, one possibility 1s to use parts of the same type as the sample but selected to 2 less stringent
visual criterion  The use of & commercial equivalent oevice type can also be considered but such use will need
to be validated experimentally

S 1 9 1 Neutron exposures Neutron exposures can be made ei1ther at fast burst reactors or at water moderated
reactors In evther case, the dosimetry practices ar the selected faciiity should be checked to make sure that
a valro 7 Mev displacement damage (S1) equivalent fluence can be obtaineac (see ASTM ET22) Test methoa 1017
ot MI.-STL-88Z can be usec as a guide fo~ the exposure procedure Short term (ot the order of seconds)
annealing effects do not have to be evaluated MIL-STD part types

5192 lonizing radiation dose (total dose) exposures Test method 1019 of MIL-STD-B83, entitled “Steady
State Total Dose lrradyation Procedure,” specifies erther Co-60 or an electron beam as the radiation source to
be used for 1onizing radiation dose testing lonizing radiation testing can also be performed with Cesium-137
sources and with Low energy x-ray sources 1f a source other than Co-60 1s used, correlation measurements must
be petformed to effect a comparison with (o-60 High energy electron Linacs are not recommended because of the
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possibility that the displacement damage which high energy electrons produce may interfere with the
measurements Flash x-ray sources which, typically, deliver the dose at a very high dose rate, are not
recommended because the results may be difficult to compare with Co-60 Low energy x-ray sources are not
recommended for characterization measurements unless a valid correlation to Co-60 15 established.

5193 Bias Bias must be applied on the device during the irradiations and the bras conditions must be
1n accordance with the test plan 1f measurements are to be made “in flux,” then the test plan should specify
these conditions as well Because time dependent effects can be very mportant for i1onizing radiation dose,
2 complete time history of the irradiations and the post-radiation or in-flux measurements should be recorded
Thais time history should 1nclude the start and stop times of both the 1rradiations and the measurements as well
as the rate at which the onizing radiation dose was delivered A pre-test evaluation of the time dependent
effects may be also be necessary to make sure the times used for the irradiations and the measurements will give

meaningful results

5194 Trausient tonization (dose rate) exposures and measurements High energy electron Linacs are the
facility of choice tor dose rate upset measurements 1f flash x~ray machines are used, extra care 15 required
w1th the dosimetry to make results obtayned at one facility comparable to those obtained at another
MIL-STD-1021 and MIL-STD-1023 may be used as guides  MIL-STD-1020 1s under revision, principally because 1t
does not adequately treat the case of latch-up "windows". It can be used for general guidance provided that
no 1nterference 1s expected from this “"window" problem

5195 single event upset 1rradiations and measurements SEU measurements are sufficiently complex so that
they should be made n coliaboration with one of the several groups in the U S that are making such
measurements routinely A full characterization measurement for single event upsets or latch-up produced by
heavy 1ons requires that the number of upsets or the latch-up n a particular device be measured as a function
of the Linear Energy Transfer (LET) of the ion Heavy ion 1rradiations are usually performed at Tandem Van De
Graaff accelerators but may also be performed at other high energy heavy ion accelerators (see ASTM F1192)
For single event upsets 1nduced by protons, a measurement of the number of upsets per unit fluence at a proton
energy of 60 MeV or higher should be adequate as an input data point to a theoretical model that can then be
used for estimating the total nurber of device upsets to be expected n some particular proton environment
(See Bendel and Petersen 1983 ) High energv protons for SEU tests can be obtained from a number of cyclotron
accelerators Laser anc Calitornium-252 techniques are being studied but have not vet advanced to tne point
where thev cam be used routinely for SEU characterization measurements

£ 1 1C Post-irradiation measurementes and data examination The parameters which will be measured after
irradiation anc the measurement conditions, and the equipment 1f possible, should be the same as those for the
pre-1-~radiation measurements Tabie III (see 5 1 5) and table V (see 5 1 7 5 1) li1st the information requirec
The test plan will contair the actual parameters to be measured and the corresponding operating conditions
However, the post-irradiation measurement procedure will have to take 1into account the possibiiity of time
dependent effects In the case of vonizing radiatior dose, time dependent effects can be especially serious
and must be evaluated for the device being tested MIL-STD method 1019 can be used as a guide unti1l an 1mproved
method for taking time dependent effects into account 1s developed Bias must be applied during the
1rradiation  Bias may not be necessary at all times after the irradiation but the bias conditions and other
measurement conditions and time intervals should be as consistent as possible from one run to another Bias
or shorting conditions on the device between the end of a radiation exposure and the start of electrical
measurements should be recorded Agawn, the measurement results should be examined for bad devices or outliers
and, appropriate action taken 11 necessary This examination 1s wmportant in preventing bad data from being
incluged 1n the character>zation report and, possibly later, from entering a data base
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S 111 Data recording Table IX gives a summary of the recording requirements for the test ptan

TABLE IX Summary of date to be recorded 'n the test plan

Pre-rad measurement conditions Jtems 1n table 1V
Irradiation conditions Items 1n tabie VIII
Post-rad measurement conditions Items 1r. table IV

Data recording As n table V, table VI, and table VII

5112 PpPerformance characterization report (see table X) An essential part of any characterization
measurement program 1s to docurent all the measurement results completely enough so that another 1nvestigstor
can use the results without having to consutt the originator For a8 variety of reasons, time and funding being
principal among ther, this task 1s otten not performed adeguately The impcrtance of the documentation task,
however, cannot be overemphasized The hope here 1s that 1f the documentation task 1s made part of the test
plan so that 1t must be included 1n anv checkoff L1st or, perhaps, In the contract data requirements list that
1s part of all government contracts, then the results of characterization measurements will be more available
to other users in the future than they have sometimes been in the past

5112 1 Standard date format The characterization report should use the standard cata format discussed
in S 17 & The recorded data should include the device i1dentity 1nformation Listed in table 111 (see 5 1 5)
and the test conditions listed n table IV (see 51 7 2)

TABLE X Summary of ynformatior te be recoraec 1n the characterization report

Device ydentity Items in table 11l and corresponding discussion .
Pre-rad measurement conditions Items 1n tabue 1V and corresponding discussion ‘
Irradiation conditions Items n table VIII1 and corresponding diyscussion

Post-rad measurement conditions Items i1n table IV and corresponding discussion

Data recording. As n tables V, VI, and VIl and corresponding discussion

Final results Items n table IX and corresponding discussion
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5112 2 7Transfer of characterization data to ERRIC  To make as much radvation response data as possible
available to U $ users, the Defense Nuclear Agency supports a data bank for such data at the ERRIC operated
by the Kaman Sciences Corporation ERRIC 1s actively collecting data from other data banks and 1s very much
interested 1n receiving any new data that 1s taken 1t 1s strongly recommended here, therefore, that the
characterization data which 1s obtained and documented 1n the characterization report also be sent to ERRIC
ERRIC 1s equipped to acquire data from computer disks as well as 1n printed form  The address and telephone

number for ERRIC are

ERRIC

Kaman Sciences Corporation
816 State Street

P U Box 1479

Santa Barbara, CA 93102-1479
(805)963-6484

5 2 Calculation of electrical parameter end-point Limits The previous sections of this report have
described how radiation response characterization measurements should be made so they can be used for defining
Lot acceptance tests that will provide hardness assurance i1n future procurement At this point the assumption
1s made therefore that the characterization results have been obtained and the discussion turns to the
procedures by which Lot acceptance tests should be defined The basic goals here are to setlect the sample size
and to calculate post 1rradiation test criteria from the characterization data such that future radiation Lot
acceptance tests performed against these criteria will meet a selected objective Typically, the selected
op)ective will be a desired lot acceptance probability and confidence level
1t 1s worth noting that the methods described here are not Limited just to radiation hardness assurance but can
be used for the more general problem of calculating end-point Llimits to meet a selected lot acceptance
objective  They may be of use, therefore, to any manufacturer of parts who 1s interested n quantifying the
Lot acceptance results he can expect as @ function of the end-point Limit or specification value he selects for
a given parameter

5 217 Lot acceptance tests Lot acceptance tests are based on testing a sample of parts after thev have been
1rradiated and determining whether the sample of parts passes or fails some specified criterion It a variables
test 1s being used then the measured mean value and standard deviation of the post-irradiation parameter values
will be compared to the specitied criteriz to determine whether the test was passed o~ failed If an attribute
test (such as an LTPD test) 1s being usec tnen specified RHEPL and, possibly, functionatity, will be usec fer
determining whether each part, individually, has passed or falled the test Changes or "deltas" in a parameter
may also be used as a RHEPL

521 Attribute lot acceptance tests 1n military standard procurement Because military standard
procurement rely aimost exclusively on attribute tests, the discussion here mostly addresses this type of test
It should be recognized, however, that, for the same number of samples tested, radiation Lot acceptance tests
based on variables measurements will usually give higher quality results Their principal disadvantages are
that they are somewhat more complex and costly and require assumptions about the probability distribution te
which the parts belong Attribute tests such as the LTPD tests used 1n the MIL-STD system have the advantages
that they reauire less documentation of test results, do not require as much training for test personnel, and
do not depend strongly on assumptions about the probability distributions to which the tested parts belong
The relative merits of these two types of tests were discussed 1n some detail In the foreword

5212 End-point Limits for LTPD tests Figure & shows the steps to be taken for calculating end-point
Limite for LTPD lot acceptance tests Table X1 Lists these steps 1n finer detail as a step-by-step check otft
procedure
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TABLE XI Step by step procedure for calculating end-point Limits

Step

14
15
16
17
18
19
20
21

Check-~off 1tem
Select device type and manufacturers
Obtan characterization data and documentation

Select desired Lot acceptance probability, confidence level, and sample size for LTPD tests

Select parameters to be tested and test conditions
Beg'n data examination

theck data for sufficirency

theck for outlying devices

Check for outiying lots

Discard outliers

Check date for abrupt failures

11 abrupt faitures have a significant lLixelihood, parameter end point limits usually cannot be
calculated

Check for unexpected functional dependencies

Check for systematic or nonrandor effects

Check for correlations with respect to time of manufacture
Check for unexpected magnitudes of Lot-to-ilot variations
Check for bad data points

Correct or discard bad date points

Check data for sufficiency

Recast the data to the specified conditions

Determine within-lot and lot-to-lot variations

If within-lot variations are larger than lot-to-lot, use case 1 analvsis method to calculate the
RHA end-point limits (RHEPL)

I within-lot variations are smalier thar lot-to-lot, use case 2 analysis method to calculate the
RHEPL

incorporate tne RHEPL and LTPD Lot aciueptance test reguirements 1nto the device specification
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[OBTA!N CHARACTERIZATION DATA AND DOCUMENTATION

]

SELECT DESIAED LOT ACCEPTAINCE PROBABILITY, CONFIDENCE
LEVEL ANU SAMPLE SIZE FOR LTPD TESTS

t

ISELECY PARAMETERS 10 BE TESTED AND TEST CONDITIONS i

—

t
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i

LFXAH]NE DATA FOR ABRUPT FAILURES

,

[CORRECT OR DISCARD BAD DATA

[;kCAST THE DATA TG THE SPECIFIED CONDITIONS

[

iconpma HITHIN-LOT AND LOT-T10-LOT VARIATIONS

[

iIDENTIFY THE TYPE OF DAYA ANALYSIS THAT HWILL APPLY

i

CALCULATE RHA ENO-POINT LIMIYTS (RHEPL) T0 MEET
OBJECTIVES

[ODCUHENT ALL STEPS IN THE END POINT LIMIT CALCULATIDR%

!

[ INCORPORATE RHEPL VALUES IN DEVICE SPECIFICATION AAJ

_~*J L) ] —J L— L. )

FIGURE & Steps for calculating end-point Limits for lot
acceptance tests ,

5.2 13 Statistical uncertainties associated with Lot acceptance testing The lot tolerance percent
defective tables 1n MIL-M-38510 and other MIL-STD documents are based on statistical formulas for sampling with
replacement 1 e , the sample of parts used for the tests 1s replaced I1nto the lot of parts from which 1t was
drawn Because radiation tests are damaging, the parts tested are not replaced into the Lot  The statistical
mplications of this fact can be complex and are beyond the scope of this document. 1In general, sratistical
uncertainties are reduced when the Lot acceptance sample size 1s large and are further reduced 1f the (ot
acceptance history is known The least desirable situation occurs when only & single Lot has been tested and
when the sample size 1s only a few parts, say four or Less In thys latter case 1t will be difficult to
estimate what the performance characteristics of the passed Lot will be The recommendation 1s, therefore, that
lot acceptance tests based on four parts or less should not be used For small sample sizes, information about
the unmiformity of the Lots 15 alsc very mportant  1f e Lot were perfectly uniforn, for examole, then testing
a single part would be adequate 1f the uniformity of each Lot 1s high then, during the Lot acceptance tests,
most of the time, either all the parts pass or thev all fail  For such unifore lots, 2 2/0 or & 4/0 test
(presently specified 1n the group E tests of method 5005 n MIL-STD-883) may be able to give some confidence
that the passed lots are of high quality If lots are mostly being rejected because one part out of the sample
1s failing, then the passed lots must be considered to be of low gquality.
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5.2.2 Definition of RHA end-point Limits (RHEPL). The parameter values against which the post radiation
performance of a part will be compared to determine if the part has passed or failed the test have been termed
RHEPL. These RHEPL values are included in the procurement specification and are used for the Lot acceptance
tests. 1f the procurement system uses a qualified parts list, as, for example, the present MIL-STD system does,
then these RHEPL may also be used for part qualification. The discussions which follow explain what decisions
must be made before the RHEPL can be calculated and, once the required decisions are made, how they can be
calculated from the characterization measurements. If the part can be purchased against any one of several
radiation levels, as for example the four ionizing radiation dose levels, M, D, R, and H, shown for MIL-STD
parts in table 1 (see 4.2), then & separate RHEPL must be calculated for each radiation Level.

A device can cease to function as a result of a radiation exposure and will, obviously, fail the test being
conducted. Such failures are not associated with the definition of an end-point Limit. Of course, the
functional failure of a part will count as a failure for Lot acceptance purposes.

5.2.2.17 One and two sided limits. A parameter used for determining whether a device has passed or failed
a test, may be bounded by maximum and minimum vatues i.e., by "two sided" limits, or by either a maximum or e
minimum value i.e., by 2 one-sided Limit. Because a one-sided Limit is the one most commonly used in radiation
response testing, only such Limits are treated here. The mathematical formulas for the case of two-sided Limits
are almost identical to the one-sided case so the present discussion can easily be extended to that case if it
is necessary to do so.

5.2.3 Criteria for calculating RHA end-point Limits (RHEPL).

5.2.3.17 Selection of objectives for Lot acceptance tests. Meaningful RHA end-point Llimits cannot be
calculated until the objectives of the Lot scceptance testing have been selected. Simply put, if the object
of the tests is that at lLeast 9C percent of future Lots should pass the test, the end-point Limits will be Less
stringent than if the object is that at lLeast 80 percent of future lLots should pass. It should be noted,
however, that the statistical uncertainties associated with the relatively small sample sizes that are typically
used (tests are usually based on tens of devices but not hundreds) have the consequence that, almost regardiess
of where the RHEPL is set, there will be a2 significant probability that a good Lot may fail or that a bad lot
may pass the specified Lot acceptance test. The real constraints on selecting an objective for the LAT and on
calculating the corresponding RHEPL, therefore, are the performance of the part and the economic costs of
rejecting lots. Thus if the RHEPL is set so that, with 90 percent confidence, 10 percent of future lots may
be expected to pass, then the performance of the Lots that pass may be very good but the costs of rejecting such
2 high percentage of Lots may make the part too expensive to use. Similarly, if the end-point Limit is set so
that 90 percent of future lots may be expected to pass, then the cost of the part may be attractive but the
performance of the part may not as good as may be desired. The objectives of the lot acceptance tests are thus
seen as a trade-off between passing the Largest percentage of lots and keeping end-point Limits which will make
the performance of the part desirable.

5.2.3.2 Lot rejection probability and choice of end-pojnts. In the dats analysis sections which follow,
these guidelines show how Lot rejection probability depends on the choice of end-point Llimits. They should,
therefore, assist manufacturers or specification developers in selecting end-point Limits which best meet their
needs. The discussion also shows that lot to lot variability in radiation response can present serious
difficulties to end-point Limit selection. For this Latter case, which is common, the methods recommended here
may provide a better assessment of the risks associated with different values of the end-point limits than other
methods which have been used.

5.2.3.3 Many parameters and environments. The most tractable case for calculating end-point limits that are
to be used for Lot acceptance tests is the case of a single radiation environment and a single device parameter.
As soon as two or more different and independent test parameters are involved in Lot acceptance, then the
probabitities of passing for each parameter have to be higher by amounts such that the product of all the
passing probabilities equals the probability of passing that is desired. Thus for example, if two different
and independent parameters are specified and the desired Lot acceptance probability is 0.9, then the respective
passing probabilities, P1 and P2, have to be such that (P1)x(P2) = 0.9.

The complexities of the calculations for combined radiation environments or parameters or both are such as
to put them outside the scope of this document. Unless otherwise noted, therefore, the analysis examples given
in the sections which follow are for a single radiation environment and a single device parameter.

5.2.3.3.1 Many parameters. In practice, device specifications generally do have to require that post
radiation tests be made on several parameters against specified end-point Limits. The recommendation here is
that, whenever possible, the characterization data be used to select the most sensitive critical parameter and
that the end-point timit be calculated for that parameter to give the desired Lot acceptance probability. The
end-point limits for the other relevant parameters then must be calculated to give sufficiently high passing
probabilities so that those parameters will not cause & significant number of (ot failures. Methods are
presently being developed to deal with the case when two or more independent parameters have comparable
likelihoods of causing failure but they are not yet in a form which could be included here.
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S 2 3 4 End-points and electrical conditions It 1s common also for a device specification to give values
of a Lot acceptance parameter as a function of the operating condition of the device Thus, for example, end-
point-limits may be given for the post 1rradiation gain of a transistor as a function of the collector current
1t can then happen, because the calculations are statistical yn nature, that different mean values and standard
deviations 1n the characterization data for the different collector currents can result 1n calculated end-point
Lim1ts that do not behave 1n the expected way as function of the collector current  The following caution 1s

therefore advised

Caution Data deficiencres and statistical effects or both can lead to end-point~lLimits, calculated as a
function of some device parameter, that do not benave i1n a reasonable way For example, for a given neutron
fluence, the calculated RHEPL for transistor gain mav show a decrease with increasing collector current,
nstead of an increase (1n the region below the collector current at which the gan 1s 2 maxamum) It 3s
important therefore, that the calculated results be subjected to a “sanity check" to meke sure that
“unphysical” end-point Limits are not entered I1nto the device specifications In general, a RHEPL should
be a smooth function of bias and radiation stress 1t should be noted in this connection, however, that
8 gradual approach to faivlure may not always be monotonic, sosetimes, for example, a parameter may first
increase with radiation fluence and then subsequently decrease

52 3.5 Abrupt faitures If abrupt failures are expected to be the dominant failure mode at the radiation
levels required for the Lot acceptance tests, any parameter end-point Limits that are used should be calculated
so that they will not cause a significant number of (ot farlures This situation resembles that of the several
parameters discussed in 5233 A method for estimating end-point limits for devices which suffer abrupt
teilure has been given by Namenson and Arimura (1985), this paper 1s {isted 1n 2 2  In practice, even though
lot acceptance tests may be conducted at a radiation level where some abrupt failures may occur, the subject
part type should not be used 1n a system application 1f the specified radiation itevel 1s such that the
L1kelvhood ot abrupt failure 1s expected to be sigmificant, & derating tactor of two on the radiation Level has
sometimes been used but a more accurate value should be based on actual fluence to failure data

5§23 6 Use of end-point Limits for system design Strictly speaking, the end-point lLimits used for lot
acceptance tests do not guarantee how the parts will behave 1n a syster exposed to a specified radration
environment  Nevertheless, systems designers freguently use the RHEPL as the starting point for derating &
given parameter for & particular systes application For systems with moderate RHA reguirements, the derating
way be very small or the RHEPL may even be used directiy in the system design For systems with more stringent
RHA requirements, the RHEPL value may be dersted significantly or may be set so that only the hardest lots are
accepted for system production Thus, 1f & part specification 1s being developed for a particular system, the
needs of the design engineer shoulc be considered The entire topic of Lot acceptance and 1ts i1mpact on syster
design and survivability, while very much deserving of detailed discussion, 1s beyond the scope of this

document.

5237 An assumed Lot acceptance objective The many factors involved in selecting en objective for the
lot acceptance tests have been discussed 1n 5.2.3 1 To facilitate the data analysis discussions which follow,
the Lot acceptance objective 1s here taken to be that, with 90 percent confidence, at least 90 percent of future
lots are intended to pass This objective means specifically that the end-point-timit, which determines the
probability, Ps, that a single part will pass the test, must be set so that the probability that the entire test
will be passed 1s 90 percent This particular objective, 1n general, does not unduly penalize the performance
specifications for a device nor does 1t place undue reguirements on the amount or quality of characterization
data The assumption of a specific Lot scceptance objective makes 1t possible to give actual nuamerical values
for the exampies which are to be discussed The formulas required are given 1n their parametric forms so that
calculations can be made for other Lot acceptance objectives

5 24 Dats_snalvsis Because most radiation response results display significant and seemingly random
variations, the methods needed to analyze such dats are statistical in nature 1n addition, most radiation
testing 1nvolves the use of sample parts which are destroved bv the tests, so the analysis technigues and
expectations of future pertormance (against which Lot acceptence parameter end-point Limits are calculated) must
be based on statistics of sampling without replacement The sections which follow discuss general analysis
principles and their applications but do not attempt to cover all the data analysis variations that can occur

n practice

5241 Data examination A necessary prerequisite for beginning any data analysis, which was mentioned
previously but must be discussed 1n greater detail again because of 1ts crucial importance, 18 an examihation
of the data to ensure that the data do not contain any faulty measurements or nonrandom effects The deta
should be examined also for sufficiency Dats examination 1s all the more 1mportant when a significant amount
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of time has elapsed between the characterizat.on measurements and the data analysis or when the person or
organization undertaking the data analysis 1s different from the persons who took the data in the first place
Some of the most common reasons for suspecting that data may be bad are discussed below

52411 outlying devices It 1s not uncommon, 1n a batch of measurements, to find that one or more devices
out of the sample show failure fluences or post-irradiation parameter values that are significantly outside the
values that would be expected from the mean value and variance for the rest of the sample (Outlying devices
may occasionally be found also 1n the pre-irradiation measurements The assumption here 1s that the examination
of the pre-irradiation data has eliminatec any such devices from the characterization sampie } Although the
1gentification of an “outlier" can sometimes be difficuit, a plot of the cumulative probability distribution
for the radiation fluences at which the devices fail (or the post-irraciation parameter values) will usually
show that the gevice 1n question 1s not part of the population distribution that s characteristic of the rest
of the sample A more detailed discussion of cumulative probability plots may be found n textbooks on
statistics or 1n appendix E on Statistical Techniques 1n DNA report 5910 lListed in 2 1 1 The combined MIL
Handbook entitied " Total Dose and Neutron Hardness Assurance Guidelines for Semiconductor Devices and
Microcircuits” also contains an appendix on statistical techmiques A discussion of how to identity outliers

may be found 1n ASTM E178

52412 outiving lots In this situation, date 1s available for & number of Lots and an examination of
the data shows that one or more of the lLots are showing an unusual mean value or standard deviation Again,
a cumulative probabitity plot can be made of the data to evaluate whether the suspect lot or lots belong to &
drftferent population of lots

52413 sufficiency of data The first step 1n preparation for data analysis s to see 1f there 1s
sutfictent data for deriving end-point Limits The recommendation 1n these guidetines 3s that the
cnaracterization sample shoula consist of three d1fferent lots taken at Least one month apart, with five waters
per Lot and five parts per wafer taken one from each quadrant and one from the center The minimum sample size
that 1s recommendec 1s five different Lots with five samples per lot The date shoulc also contain & range of
values and radiation stresses Thus, for example, 1{ step-stress measurements were performed and all the parts
faited n & single “bin" (where 2 bin 1s defined as the interval between one filuence and the next higher
fluence), there 1s not enough data for an analysis If 1t happens that there s no wav to acquire sufficient
data, cpecial analvsic techniques may be reguired or some worst case assumptions mav be needed to supplement
the data Somelimes 1t may happen that the number of lots usec for obtaining the characterization data 1s not
given 1n the data For such cases, & method exists for estimating, frowr the data itself, what the effective
sample size of the device popuiation 1s and this effective sample syze can be introduced into the end-peint
Ltimit calculations (A 1 Namenson, 1979, see 2 2)

52414 Abrupt farlures The data should be examined to see 1f abrupt failures are Likely at the radiation
levels that will be required for the lot acceptance tests 11 abrupt failures are expected to be the dominant
failure mode at these radiation levels, then the mean value and the standard deviation of the fluenges to abrupt
farlure 1n the characterization data should be used to estimate the radiation level at which the part can be
used safely The fiuences to abrupt failure are then used to check for outlying devices, outlying lots, and

the sutficiency of the data

$ 2415 Unexpected functional dependencies 1f a parameter value does not vary smoothly with either bias
conditions or radiation dose, the data may be suspect

52416 Systematic or nonrandor_ effects The sampling of lots and parts must be a truly random
representation of future lots 1f valid lot acceptance end-points are to be determined 1t pays, therefore, to
check whether the oata 1s randor in nature Some typical causes of nonrandom effects are discussed in the
sections which foliow

S2417617 (Correlations with respect to time Lot-to-Lot variations should be checked tc see 1f they
correlate with time Examples of such correlations are en average shift with respect to date of manufacture
or s1mply » smooth variation with respect to the date of manufacture Usually, a Look at the data 1s sufficient
to determine 1f such an effect 1s occurring However, more rigorous techniques, such as time-series
correlations, for example, exi1st which can check whether the data varies smoothly with respect to time or has
seasonal variatyons,

S24162 uUnexpected magnitudes of lot-to-iot varistions If lot-to-lot variations of either the mean
value or the standard deviation are much larger or much smaller than expected, 1t 1s cause for concern If a
numter of lots are very similar, then 1t may be that the sampting over lots 18 not truly random There may be,
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for example, a single diffusion Lot involved or a single wafer If the lots were produced under total process
control, very small variations may result between Lots Then, 1f future lots will come from the same process,
the characterization data 1s valid However, 1f future lots will not all come from the same process, then the

data 1s not valid

524163 Other systematic effects If the data comes from several sources, 1t can vary systematically,
1 e , nonrandomly, according to the source of the data Even 1n one test facility, there may be a systematic
dependence on test cell, operator, dosimetry eguipment, etc 1f lots come from several plants, there may be
a systematic dependence on which plant supplied the parts This type of effect should not be common, 1t 1s
mentioned here to make sure that 1s not entirely overlooked

524164 (Cheching for systematic effects If datea 1s suspect, 1t con be cheched for self cansistency by
removing all data having a common attribute such as date, test facility, place of manufacture, operator, etc

1t there are no systematic effects, such removal should not seriocusly perturb the computed results Likewise,
vwhen parameter vaiues or stress tc failure are ranked, there should be no grouping by attribute except for (ot
rdentaty Another possibility that should be checked 1s that the devices did not receive some previous
radration of another type Thus, as an example, 10on1zing radiation dose data can be obtained from a data bank,

but the devices lListed may, previously, have been exposed to neutrons

5242 Correcting the data 1f the data examination shows that there may be bad dats points present then
they have to be either correctec or discarded before the data analysis can proceed

524217 Correcting bad data Sometimes an isolated missing, outlying or otherwise faulty measurement may
be 1nferred bv interpolation 1f the parameter varies smoothly with radiation stress or bias Whether or not
data should be corrected 1s often a matter of judgment The documentation shoula 1dentify where 1nferred data
was used to replace incorrect or missing data

524 2.2 Discarding bad data Often, only a single measurement on a device has to be corrected or
discarded However, 11 one device has many outlying or other obvious mismeasurements, 1t may be necessary to
eliminate the entire series of measurements on that device and seek an expianation of what went wrong It may
be & case of a mismeasurement o~ of the measuring equipment 1tself having an effect on the device On the other
hand, the device 1tself mav be an outlier and the question 1s then raised as to how many outliers will be Likelv
n practice, 1 e , when devices are procured for system development and production 1f the data shows evidence
of manv apparent mismeasurements, outlying devices, or outlying lots, then all of the data comes into guestion
wWher datz 1s discarded, such action should be documented

5 2 4 3 Recasting the data to the specified conditions The assumption 1s now made that the data examination
has been successtully completed and that the data to be analyzed 1s satisfactory in all respects One final
task now remains before the actual calculation of the end-point limits can be made and that 1s that the data
must be recast into the conditions that will be specified for the lot acceptance tests Thus, 1f the lot
acceptance test 15 to be made on & particular parameter, PAR, at a radiation lLevel PHI(SPEC), then the post-
radiation values PAR(PHI(SPEC)) must be obtained from the characterization data and they must be obtained for
the bras conditions that will also be specified in the procurement document In general these values will be
obtainable by interpolation 1In the case of abrupt failure, defined 1n 5 1 8 7 as a fatlure level which cannot
be determined by interpolation, the mean value and standard deviation of the fluences to abrupt fajlure n the
characterization data should be used estimate the radiation Level at which the part can be used safely

524 4 Examples of data analyses Depending on the exact nature of the data, the statistical methods that
shoutd be used to anailyze the data and to calculate the required end-point Limits range from retatively simple
techniques tc some that are still under development Examples are given below for twe cases for which the
calculations are relatively straightforward AlLL statistical quantities are assumed to obey lognormal
probabii 1ty distributions 1 e , the logarithms of the parameter values are normally distributed Thas
assumption mav be considered reasonable because many of the parameters that are of 1interest for radiation
effects n devices have been observed experimentally to obey a lognormal distribution In any case, extensions
of the analysis techniques discussed below can be made to other types of probability distributions

524 41 Parameters and delta-parameters Ffor convenience, the analyses are discussed 1n terms of the value
of the parameter 1n question after 1irradiation In practice, however, 1t 1s often useful to measure the
changes, or deltas, 1n a parameter value produced by the irradiation Agawn, the extension from the formulas
given to the case of parameter deltas 1s straightforward It should be noted that Lot acceptance tests based
on parameter deltas can be somewhat more costly because they require that part identity be maintained and that
pre- and post-irradiation parameter values be recorded They should not be overlooked, however, because, 1n
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some cases, they can proside better hardness assurance than lot acceptance tests based just on the post-
1rradiation parameter value The example given for case 1 1s based on the values of a parameter, the example

given for case 2 shows how deltas may be used

524 42 case Within-lot variations larger thar lot-to-lot variations At the present time, case 1 1s
an unusual result and, when 1t occurs, may indicate suspect data Most commonly, lot-to-lot variations are
larger than within-lot variations (discussed here as case 2) Case 1 1s being discussed first, however, because
the formulas used for 1t are more familiar In adaition, 1t may turn out to be true 1n the future, when total
quai1ty control procedures have been successfully i1mplemented, that the wafers coming off of & production lot
will be quite uniform and that most of the device variations will be associated with variations across the

water 1nh1s case will appiy Lo such product

S2 443 Assumptions for case 1 Specifically, the assumptions made here are that the parameter being
measured shows a gracetul decrease 1n value with increasing radiation stress and that the within-lot variations,
cr standard deviations, are larger than the lot-to-lot variations A further assumption 1s that the within-lot
variations do not vary greatly from one (ot to another If this Latter assumption does not hold, then, to be
on the safe side, the data should be analyzed with the method of case 2 1f the above assumptions hold, then
the group of lots from which the data was obtained can be considered as a single lot and the total number of
parts drawn tfrom all the component lots will be the sample size used n the formulas that require sample size
tet this sample s1ze be n  Now assume, as & convenient example, that the lot scceptance test will reguire that
17 parts will be 3rradiated to & radiation Level PHI(SPEC) and that all parts must pass for the lot to be
passed To satisfy the Lot acceptance objective, stated as an assumption 1n 52 3 7, that with 90 percent
confidence at least 90 percent of future lots should pass, each part must have a probability of passing, P, such
that

=09

This equation 1s satistied 1f P = 0 99  For obvious reasons, P 1s often also called the part survivability

524 4 4 Statement of problem Because the characterization sample was purposely taken so as to represent
the pertormance of future Lots as accurately as possible the problem can now be restated as follows What 1s
the parameter value, RHEP., such that, with 90 percent confidence, fraction F of future parts have & parameter
value greater thar RHEPL (for & parameter that decreases as the radiatior stress increases) after being
irradiated to radiation level PHI(SPEC)? In response to thi1s question RHEPL 1s given by

RHEPL = MEANL LN(PAR(PHI(SPEC))) ] - KT,(C,P,n) * STDEVL LN(PAR) J,

where MEANLLN(PAR(PHI(SPEC)))] 3s the mean value of the logarithms of the parameter values measured after
irradiation tec PHI(SPEC) for each of the n devices, STDEV(LN(PAR)) 1s the standard deviation of these same
logarithms, and KTL(C,P,n) 15 the one sided tolerance lLimit factor for confidence C, part survivahility P, and
sample s1ze n Note that a minus sign 1s used in the equation for a parameter which decreases 1n value as the
radiation stress increases and & plus si1gn s used for a parameter that increases 1n value as the radiation
stress 1ncreases The one sided tolerance Limit factors may be found 'n tables 1n the statistical references
previously cited Some of the most commonlv used values are given 1n table XII

The equstion for the mean velue of the lLogarithms 1s

MEAN | LN (PARCPHI(SPEC )))] =

3 -

n
Y v cear (¢ pHI CsPEC M)
1=1

where PAR_(PHI(SPEC)) oenotes tnhe value of the parameter after irradiation to PHI(SPEC) for the 1th device
The standard deviation of these Logarithms 1s given by

STDEV (LN (PAR))=

1/2
1 n
port E {LN (PAR ;(PHI (SPEC)) -MEAN (LN (PAR(PHI (SPEC))))]
LR
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TABLE X11 One sided tolerance limit factors - ktl

Confidence ¢ = G 90
p
¢ 9C 0 95 099 C 99% 0 9990
N
3 4L 259 5 3N 7.340 9 651 11.566
4 3 188 3 957 S 438 7 129 8 533
5 2 742 3 400 4L 666 & 11 7.2
6 2 493 3 0N 4 243 5 555 6 645
7 2 33 2 894 3 972 5 202 6.222
8 2 218 2 755 3 783 4 955 S 927
g 2 133 2 649 3 641 L 7T 5 708
10 2 065 2 568 3 532 4L 628 5 538
11 2 01 2 503 3 443 4 514 S 402
12 1 966 2 448 3,37 4 420 S 290
13 1 928 2 403 3 30 4 341 5 196
14 1 895 2 303 3 257 4 273 < 116
18 1 867 2 329 3.2%2 4 215 5 046
16 1 842 2 29° 3 172 4 164 4 980
17 1 819 2 272 3 137 4 110 4 932
18 1.800 2.249 3 105 4 078 4 B84
16 1 781 2 228 3 077 4 042 4 B4
20 1 765 2 208 3 052 4,009 4.802
21 1 750 2 190 2 028 3 97¢ 4. 76¢
20 1 T3¢ 2 174 3 006 3 952 & T3a
22 1 724 2 15¢ 2 987 1 92¢ & 704
JA 1712 2 45 2 969 2 903 4 677
25 1 707 2.132 2 952 3 882 4 651
30 1 657 2 080 2 884 3 794 4 54¢
1c 1623 2 041 2 833 3729 4 470
40 1 598 2 010 2 793 3 678 & 411 .
45 1 576 1 986 2 761 3 638 4 363
50 1 859 1 965 2 735 3 605 & 324 ‘
60 1 832 1 933 2.694 3 552 4 262
70 1311 1 909 2 662 3 513 6 215
80 1 494 1 890 2 637 3 482 4 178
90 1 481 1 874 2 617 2 456 4 148
100 1 470 1 861 2.6 3.435 4 124

5244417 An 1liustrative example of an RHEPL calculation for case 1 For this example the following
sssumptions are made.

Lot acceptance tesﬁf will be peEforned on the current gatn of 2N2222 transistors after irradiation to
PHI(SPEC) = 2 5%10 ~ neutrons/cm~ (1MeV silicon displacement damage equivaient) The collector current,
blas voltages, and temperature fo~ the test will be given in the device specification

An 11/0 LAT test will be used 1 € 11 devices will be 1rradiated to 2 5*1013 neutrons/cm2 and, 1f even
one device fails, the lot will not accepted  (In MIL-STD practice, 1f one part out of the first 11
fails, then a drawing of seven additional devices 1s allowed and the Lot passes 1f there are no further
failures, this extension of the LTPD test will not be treated here )

Hi1th 90 percent confidence (1 e , C = 0 90), at Least 90 percent of the lots should pass, this assumption

was made n 5 2 3.7 precisely so that exampies such as this one could be calculated This assumption
together with assumption b ) means that P must be O 99
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d The characteri1zation data was acequate to provide post 1rrqg1at1on curreat gain values, at the required
collector current, bias voltage, and temperature at 2 5%10 ~ neutrons/cm This data 1s shown n table

XIII Because this 1s an illustrative example, data 1s shown for only ten devices In actual practice,
a sample size of 10 should not be considered adequate to support the calculation of an end-pownt Limit

for the values 1n table XIIl, the following quantities mav be catculated
HEAN(LN(hrE(DH](SPEC‘))) = 4 591 and

STDEV(LN(hﬁE(PHl(SPEC))}) =0 107

Assumptions b and ¢ , make ¢ = 0 90 and P = 0 Qv The syze of the characterization sample 1s 10 For €
=09 P =099, and n = 10, the one sided tolerance Limit factor, Kipr 18 found 1n table X1l to be 3 532
The end-point Limit, RHEPL, 1s thus

RHEPL = 4 591 - 3 532 * 0 107 = 4 213

In more familiar terms, the geometric mean value of the current gain for the ten devices 1n table X11 s 98 6,
the plus and minus one standard deviation gawns are 109 7 and 88 6 respectively, and the end-point Limit for
the gain 1s 67 6 (= exp(4 213)) Lot acceptance tests for 2N2222 transigtors would ther be performed 1n the
future by irradiating 11 devices from each lot to 2 SE13 neutrons per em® and requiring that each device out
of the 11 have 8 post 1rradiation gain greater than 67 &, otherwise the lot 1s rejected

TABLE X111 Post-irradiation deta for ten 2n2222 transistors

PHI(SPEC) = 2 5*101: neutrons/cm2 (1 Mev S$1 oamage equivaient) i
bevice numper hFE(PHI(SPEC\‘ Ln(hFE(PHl(SPEC))‘

1 108 & 4 689

2 105 ¢ 4 657

2 93 7 4L 540

4 97 7 4 582

5 102 € 4 630

6 104 5 4 650

7 84 1 4 437 '
8 101 1 4L 616

9 112 5 4L 723 ‘

10 81 1 4 396

52445 Case 2 Lot-to-lot variations larger than within lot variations Case 2 1s applicable when
within-lot standard deviations are small compared to Lot~to-lot variations In this case, the effective sample
s1ze for the RHEPL calculations 15 the number of lots and not the number of devices used for the
characterization measurements An approximate analysis method for this case was developed by I Arimura and
A Namenson and published 'n IEEE Trans Nucl Sc31 , NS-30, 4322, December 1983  The method assumes that the
parameters follov a normel or tognormal probability distribution but 1t can be modified for a different
distribution 1f necessary Once again the assumptior described 1n 5 2 3 7 1s made, namely that the object of
the Lot acceptance tests 1s, with 90 percent confiaence, toc have at Least 90 percent of lots pass It s
assumed alsc that an 11/0 LTPD test will be used for Lot acceptance This last assumption means that, again,
the 1ndiyvidual part survival probabi{ity of the Lot being tested for acceptance must be P = 99

$S2 44517 Sampling for multr-lot analysis ldeally, there should be at Least five lots with at least five
parts n each lot 1t the within-lot variations are very small compared to the lot-to-lot variations, the
regquirement on having at least five parts per Lot may be waived
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524452 Steps 1n multi-lot analysis The following steps are then used 1n the calculation

a Let the number of lots be N and the number of devices in each lot be n Far the I1th lot, calculate
the mean value and the standard deviation of the given parameter Specifically, for the Ith, lot the
quantities calculated are HEAN‘(PAR(RAD)) and STDEVI(PAR(RAD)) as given by the tfollowing equations

nil

.
— 221 PAR 1, (RAD)

MEAN | [PAR (RAD)] =
rl]
where PARI](RAD) s the measured value of PAR(RAD) for the jth device n the Ith lot, and

STDEV [PAR (RAD)]=

172
n
1 r 2
— l PAR IJ(RAD)-HEAN 1 PAR (RAD)]
n1’1 3 =1 4

b For each lot multiply the standard deviation by 2 32¢ (see explanation below) and add 1t to the mean
(adoition 1s used for a parameter that 1ncreases 1n value with Increasing radiation tevel) This gives

a Limt
LIMI = HEANI(PAR(RAD)) + 2 326 % STDEVI(PAR(RAD)) for the 1lth lot

¢ For the N values of LIMX, obtain the MEAN(LIM) and the stanagard deviation STDEV(LIM)

¢ Look up the one-sided-tolerance-limit factor hy for 90 percent probabilitv and 90 percent confidence
anc for & samole size corresponding to N, the number of Lots

e Use the following equation to obtain the desired RHEPL
RHEPL = MEAN(LIM) 4 KTL(C = 9, P= G, N) * STDEV(LIM)

524453 The rationate of the method given above 1s to examine the distribution of the 99 percentilie
points of the vifferent Lote and treat them as s normal (or Lognormal) distribution  For each lot, adding
MEAN(PAR) + 2 326 * STDEV(PAR) gives the best estimate of the 9% percentile point because, for a standard normal
distribution, 2.326 standard deviations above the mean includes 99 percent of the distributyon The K., factor
n step D above then 15 used to obtawn an estimate that, with 90 percent confidence, 90 percent ot the Lots
will have 99 percent of their parts within the calculated RHEPL

.

524454 Anrittustrative example of an RHEPL calculation for case 2 The following example was taken from
actual data on voltage shifts (deltas) measured after an 1onizing radiation dose of 400 kRad (This data 1s
interesting for other reasons as well and, for those ressons, will be discussed 1n greater detail in appendix
I1 ) The lots do not atl have five parts per lot, but the within-lot standard deviations are so small compared
to the lot-te-lot variations that the case 2 method can still be used The data 1n this example 1s treated as
2 normal distribution (instead of & lognormal distribution)

The values shown 1n table XIV yield the values shown 1n table VI
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The values of LIM; 1n table XV yield following vatues

Now for C =09, P=09 and N = ¢, K

MEANCLIM) = -0 6192
STDEV(LIM) = 5 6715

T8 2 493  The value for the RHEPL therefore 15

RHEPL = -0 6192 + 2 493 * 5 6715 = 13 520

Future lot acceptance tests should therefore be performed acainst a voltage shift of 13 520 mv
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TABLE XIV  Post-irradiation voltage shifts (deltas)

PHI(SPEC) = 400 kRads

Lot number bevice number voltage shift (mv)
1 1 -6 79
1 2 -6 52
2 1 -5 46
l -5 38
3 1 -3 76
3 2 -3 67
3 3 -3 63
4 1 -2 41
4 2 -2 18
& 3 -1 72
S 1 325
5 2 160
S 2 38
5 4 4 10
5 5 4 22
< 6 4L 62
6 1 7 26
6 2 7 28
€ 3 7 38
4] 4 T 4l

TABLE XVI kanking deta and preparinc tor plo* or normal propabilitv paper

unranked Data Ranked Dats Ranr fF
Date Attribute Data Attribute O a1
0 2372 ATTRIB 00 -2 5370 ATTRIB 03 1 0 0476
-1 3551 ATTRIB O1 -1 6817 ATTRIB 07 2 0 0952
-0 6667 ATIRIB 02 -1 3591 ATTRIE O1 2 0 1429
-2 5370 ATTRIB 03 -0 9622 ATTRIB 10 4 0 1905
-0 1477 ATTRIB 04 -0 8430 ATTRIB 16 5 0 2381
0 6332 ATTRIB @5 -0 6667 ATTRIE 02 6 0 2857
2 D648 ATTRIB 06 -0 5864 ATTRIB 17 7 0 3333
-1 6817 ATTRIB 07 -0 4012 ATTRIB 13 8 0 3810
12512 ATTRIB 08 -0 1477 ATTRIB 04 8 0 4286
1 2845 ATTRIB (9 0 1326 ATTRIB 12 9 0 4762
-0 9622 ATTRIB 10 g 237 ATTRIB 00 11 0 5238
0 5161 ATTRIB M1 0 3928 ATTRIB 18 12 0 57
0 1326 ATTRIB 12 0.5161 ATTRIB 11 13 0 6190
-0 4012 ATTRIE 13 0 6332 ATTRIB 05 14 0.6667
D 9639 ATTRIB 4 0 963° ATTRIB 14 15 0 7143
1.8462 ATTRIE 15 1 1946 ATTRIE 19 16 0 761°
-G 8430 ATTRIB 16 1 2512 ATTRIE 08 17 0 809%
-C 5864 ATTRIE 17 1 2848 ATTRIE O 18 D 8571
D 3928 ATTRIB 18 1 BL4b2 ATTRIB 15 19 0 9048
1 1946 ATTRIB 19 2 0648 ATTRIB 06 20 0 9524

FBAR(P)

-1
-1
-1
-0
-0
-0
-0
-0

6684
3092
0676
8761
7124
5659
4307
3030
1800
0597
0597
1800
3030
4307
5659
7124
8761
0676

-3092

6684
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APPENDIX A
A LISTING OF CORRELSPONDING ERRIC AND MIL-STD SYMBOLS

10 SCOPE

10 1 Scope This appendix 1s to establish a correlation between ERRIC symbols and MIL-STD symbols This
appendix 1s not a mandatory part of the handbook  The information contained herein 1s intended for guidance

only
20  APPLICABLE DOCUMENTS  This section 1s not applicable to this appendix

3C A LISTING OF CORRESPONDIN: ERRIC AND M]IL-STD SYMBOLS

Item Erric MIL-STD
symbol symbol

Currents

High tevel 1nput current I1H llH

Low tevel 1nput current 1IL 11L

Output short circurt current 10S IOS

High level supply current ICC ICCH

Low level supply current I1CC XCCL

Emitter-base cutoff current IEBO lege

Coliector-base cutof® current 1CBO ICBO

(urrent floe Into ar 1nputl terminal IIk :Ih

Inout offset current OFSTI 110

Input bias current IBIAS IIa

Zero scale current 125 Izg '

Full scale current 1Fs LIeg ‘

lmpedances

Resistance R R

Input resistance RI

Output 1mpedance Z0UT Zo

Outpur resistance ROUT

On resistance RON

On resistance RDS RDs

Tame

High-ilow propagation delay time TPHL touL

Low-high propagation delay time TPLH oL
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Reverse recovery time
Rise time

Fall tme

Pe)ecnon ratios

(ommon mode rejection ratio

Positive power supply rejeciion ratio

Negative power supply rejection ratio

Gains and transfer ratios

forward current transfer ratio

Power gain

Maximum automatic @ain control range
Other

Noise *igure

Siew rate

Nonlinearity

Power supply sensitivity

Bit errcr

MIL-HDBK-816

APPENDIX A

TRR

TR

TF

Ch RR

PWSRRP

PWSRRN

HFE

AF

MAGC

NF

SL RA

NL

PSSIFS

BERF

19

RR
Yrew

Trne

Mer

+PSRR

PSrr

~-PSRR

Pesl

SIGMA-NL

FS
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APPENDIX B
EVALUATING DATA WITH CUMULATIVE PROBABILITY PLOTS ON PROBABILITY PAPER

1C  SCOPE

10 1 Scope This appendix deals with unfortunate but nevertheless frequent problems of suspect data Part
characterization and lot acceptance are not complete without ascertaining the validity of the data The
appendix wili concentrate on graphic techniques for evaluating data While data validation 1s 1mportant, this
appendix 1s not a mandatory part of the handbook  The information containec herein 1s intenoged for guidance

oniy

2C  APPLICABLE DOCUMENTS This section 1s not applicable to this appendix

30  INTRODUCTION

30 1 checking and validating data The wmportance of checking and validating date cannot be emphasized too
strongly Often, problems of faulty equipment, incorrect assumptions and human error will be known before data
analysis begins After cbviously suspect data have been removed, subtle data problems may remain whose
resolution will depend on the graphic technigues to be mentioned here  Such problems include deviations from
the assumed probability distribution, systematic effects and outliers Though the methods are applicable to
a wide range of si1tuations, this discussion will concentrate on using probabitity plots to interpret test data

4C  WHAT PROBABILITY PAPER 1S5 AND WHY IT IS USED

4C 7 Norms  probabitity paper Figure 5 1llustrates three different wavs of depicting e normal distribution
The uppe~ curve 1s the differential probability function for a normal distribution  The middie curve (the so
callec "S-curve") 1s the cumulative normal distribution (the integral of the upper curve) plotted wn Linear
coordinates  The bottom curve 1s the middle curve with the ordinate distorted sc that the S-curve becomes &
straight line When test data 1s plotted on thys latter scale, the eve can check their fit to an assumed form
by checking their fat to & straight line 1/ Note that for normal statistics these piots exaggerate the
regsons o* very high anc very low probability which are generaliy the regions of interest

>
R DIFFERENTIAL //’//—ﬂ——~_~_\\\\\\\
w € PROBABILITY -
P PLOT ~
O O
1 — // \
«
.
100X
.
7% — CUMULATIVE
g PROBABILITY
- sox — "4O7
258 —
ox
99 9%
gg; — CUMULATIVE PROBABILIYY PLOT
7 oM PROBABILLYY PAFER
. sz —
& S0x%
= 25%
1O —
12 ——"
0 1z

ARBITRARY UNITS

FIGURE 5 What s probability paper?

1/ But note, however, that the statistics of fitting a straight Line to the data code does not follow the usual
regression analysis  This will become clear when the mechanics and mathematics of making the plots are
explained
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TABLE XVI Ranking data and preparing for plot on normal probability paper

Unranked Data Ranked Data Rank P =
Data Attribute Daa Attribute 1) 1/(N+1) FBAR(P)
0.2372 ATTRIB 0O -2 5370 ATTRIE 03 1 0 0476 -1 6684
-1 3551 ATTRIB D1 -1 6817 ATTRIB 07 2 0 0952 -1 3092
-0 6667 ATTRIB G2 -1 3551 ATTRIE O1 3 0 1429 -1 0676
-2 5370 ATTRIB 03 -0 9622 ATTRIB 10 4 C 1905 -0 874
-0 1477 ATTRIB 04 -0 8430 ATTRIB 16 5 0 2381 -0 7124
0 6332 ATTRIB 05 -0 6667 ATTRIB 02 6 0 2857 -0 5659
2 0648 ATTRIB 06 -0 5864 ATTRIE 17 7 0 3333 -0 4307
-1 6817 ATTRIB 07 -0 4012 ATTRIB 13 8 0 3810 -0 3030
1 2512 ATTRIB 08B -0 1477 ATTRIB 04 & 0 4286 -0 1800
1 2845 ATTRIB 09 0 1326 ATTRIB 12 Q 0 4762 -0 0597
-0 9622 ATTRIB 10 0 2371 ATTRIB 0C 11 0 5238 0.0597
0 5161 ATTRIB 11 0 3928 ATTRIE 18 12 C 5714 0 1800
0 1326 ATTRIB 12 0 5161 ATTRIE M1 13 0 6190 0 3030
-0 4012 ATTRIB 13 0 6232 ATTRIE O 14 0 6667 0 4307
0 9639 ATTRIB 14 0 9629 ATTRIB %4 1< 0 71423 0 5659
1 8462 ATTRIB 1% 1 1946 ATTRIE 19 16 07616 © 7124
-0 8430 ATTRIB 16 1 2512 ATTRIB (08 17 0 8095 0 8761
-0 5804 ATTRIE 17 1.2845 ATTRIB Q° 18 C 8571 1 0676
G 3928 ATTRIB 18 1 8462 ATTRIB 15 19 C 9048 1 3092
1 1946 ATTRIE 19 2 0648 ATTRIE 06 20 0 952+  1.6684

.

40 2 Different kinds of probability paper The kind of probability paper exist for different kinds of
probability distributions but the discussion here will deal almost exclusively with normal and lognormal
statistics  Lognormal probability paper 1s the same as normal probability paper except that the abscissa 1s
a logarithmic instead of & Linear scale

40 3 Obtawning probability paper Probability paper may be purchased for most of the commonly applied
distributions (e.g , normal, Weibull etc.). Computer made plots require calculating ordinate positions from

functions F(p) where P 1s a probability, F(Y) 1s a cumulative probability distribution function and F(p) 1t

1ts anty-function (That s F[F(Y)]=y ) Often & Llook-up table with interpolation will be sufficient to

generate such a function  For the normel distribution, many texts tabulate fF(p) as Zp

50  MAKING PROBABILITY PLOTS FRON TEST DATA

50 1 The basic plot The construction of plots on probability pape~ will be explsined by example Table
XVI shows 20 simulated data points drawn from s normal distribution (col 1) together with their attributes
(col 2)  In this case the attribute 1s the string "ATTRIB " followed by the sequence of the point (Nos 00
through 19)  Columns 3 and 4 of the table are the points rearranged by rank with their attributes preserved
Column 5 is the rank, 1, of the ordered points and column 6 1s the probability P = 1/(N+1) where N 1s the sample

s1ze (In thys case N = 20 ) For computer made plots, column 7 gives the function F(p) for a normal
distribution  Figure & shows the resulting graph Note the f1t to a straight line
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SAMPLE OfF 28 POINTS ORAWN FROI1 STD NORt.
OISTRIBUTION

0 980 —

0 950 — .

0 900 -

L J
-
0 750 — - *
L J
::: -
— L
= 0.500 —] e
o=y - -
= -
[om ) ..
= 0.250 — -
L 4
L 4

0.100 — -

0 050 — -

©.020 T T T T T |

-3 00 -2 oo -1 00 o 00 1 00 2 oo 3 00

ARBITRARY UNITS

FIGURE & Sample normal probability plot of 20 points - symulated data

50 2 'Coloring" the points  The points mav be portraved with ditterent colors and designs according to their
attributes so that any systematic eftects 1n the data would become apparent Figure 7 shows the plot of figure
6 with the points cotored according to whether their first digit 1s zerc or one Clearily the sequence ot the
point has nothing tc do with 1ts rank

5C 3 One-sided tolerance lLimvts One-sided tolerance Llines may be drawn on the plot so that confidence
timits mav be read directly trom the graph  On figure 7 the confidence Lines use an approximation given by
Natrella (see 2 1 2) If S and M are respective best estimates of the s d and mean, the 50 percent corffidence
line s very nearly a straight Line with slope 1/S and intercept M with the horizontai 50 percent probability

Line )

50 4 Step-stress measurements In some cases, the values will be accompanied by experimental uncertainty

A typical kind of uncertainty results fror step-stress measurements where a parameter or stress-to-failure has
merely been determined to be between upper and lower bounds defining a "bin " In such cases, it 1s advisable
to plot the center the bin and display the uncertainty as a horizontal Line whose full width 1s the bin size
& graph of this kind gives a quick check of how the measurement uncertainties compare with the s.d of the
distribution 1f these uncertainties are comparable to the s d , then step-stress analysis may be necessary
For normal distributions, plus and minus infinity are valid bounds for a step stress measurement (e g , a device
which survived a maximua test level) and plotting such bounds requires some creativity A suggestion 1s to
display the finite (lower or upper bound) and use an arrow pointing to plus or minus infinity  See figure 8
showing a step-stress probability plot

50 5 Step-stress measurement: snc staircase plots In some cases, particulariy in determining stress to
tailure using a step-stress measurement, more than one part may fail within a given "bwn"  1f the 1th through
jth parts all faiied within the same bin, then probabilities 1/(N+1) through )/(N+1) should be plotted all with
the same center and same “error bar”
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SAMPLE SIZE SO

0.990
0O 980 — (=)
CONFIDENCE AN ©
0.950 —f AN
0 900 — \/ /5>
—_ 0.750 —
=
= o soo —
= 0%
S CONF IDENCE
oo 0.250 —
0.100 —
0.050 —
0 020 — //9
0 010 < = T 1
-3 00 0 oo 3 00

ARBITRARY UNITS

FIGURE 7 Plot of figure 6 with cotoring and confidence lines

50 ¢ Summary 1ln summary, the procedure for making probability plots 1s

Ran¥ the points preserving their attributes

o

t Compute probabilities 1/(N+1) where 1 1s the rani and N the sample size

* ¢ Piot the probability vs the value on probsbility paper For computer made plots this mav require
computing E(p) to determine the ordinates

d Optionally color the points according to attribute to make apparent anv systematics 1n the data
e Optionally draw the one-sided tolerance Limits

50.7 Some fine points  The quantity 1/(N+1) derives from order statistics When N values are drawn from
2 uniform distribution from O to 1 and ranked, the average value of the 1th ranked point 15 1/(N+1)  For normal
distributions some prefer to use (1-0 3)/(N+0 &) as a better approximation for the average positions of ranked
points The difference 1s usually of no significance There are some cases 1n the literature where probability
1s calculated from 1/N but this 1s an erroneous procedure except 1n special cases concerning truncated

distributyons

60  INTERPRETING PLOTS

60 1 Scrutinizing probability plots requires a fair amount of experience since there are many ways 1r which
date can go wrong and many situations where good data wmay be rejected because of subjective conclusions This
section will attempt to provide some feel for interpreting probability plots We will dispLay typical plots,
strange looking plots, examples of problematic data and an example of a2 step-stress measurement

60 2 Interpreting typical plots To obtain typical plots on normal probability paper, simulated data sets
consisting of SO points were generated from a normal distribution Figure & 1tlustrates an ideal case where
about five points are above the 90 percent confidence Line and about five points are below the 10 percent
confidence Line  Figure 9 shows a better than usual fit where many of the points come close the confidence
Lines, but none are above the 90 percent confidence Line and only two are below the 10 percent confidence (ine
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Such fits are not unusual However, 1f the data fit a straight Line too well and none of the measurements come
close to the 90 percent and 10 percent confidence lines then nonrandom sampling 1s indicated Figure 10 1s an
example of a very bad fit (the worst out of 2000 simulated data sets) Note that points which exceed the
confidence bounds tend to group together because the ranking of points assures a correlation between adjacent
points  Probability plots are not typical regression plots

SAMPLE SI1ZE %0 0 OVER SQ<% CONF IDENCE

105 ———_ L
0O 890 — CONF I DENCC - i
0O 980 — . >

Lo
0O 950 — ~ e
Lo
o 800 — Pl ~
&

0 750 — Pt - o=
= //;§€> CONF IDENCE
= 0 sS0O — ,§f
= /‘f

-
S 0 250 — L&
ac - ,g‘
i
O 100 —] P e
&<
o 050 — < .
P
U Uy — <
010 — T 1
-3 00 Cc 0o 2 00

ARBITRARY UNITSTS

FIGURE £  ldeal normal probability plot with 50 points
-sIimulatec data

SAMPLE SIZE SO 15 POINTS OVER 90X CONFIDENCE
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0 950 —| ‘

0 900 — 10%
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= ] CONF IDENCE
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[ow]
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38 -
g 0 2so0 /
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~ 7
O 020 - © //C
Cc 010 < Y )
-3 0O 0.00 32 DO

ARBITRARY UNITS

FIGURE 9 Normal probability plot of 50 points with an overly good butstill acceptable
~simulated data
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60 2 1 Deviations from a straight Line The eye 1s a fair indicator when the plot deviates enough from a
straight Line to suspect that a Goodness of Fit (GOF) test 15 needed Even when deviations exist, the assumed
distribution may be an acceptable approximation 11 you restrict yourself to certain probability ranges and do
“sample si1ze" corrections (discussed later)

6C 3 Actual case histories and their 1nterpretation Yo obtain a further feel for problems which will arise
1 practice, some actua' situations are presented and discussed

60 3 1 Systematic effects and 1nhomogenecus lots Table XVII shows & voltage shitt for 20 ICs (integrated
circuits) 1rradiated at 400 kRsd There were five ICs (inoicated by atiributes R1 through R5) each having four
nominally 1dentical circuits (1ndicated by attributes €1 through €4)

TABLE XVII  voltage shift at 4D0 kRad

Unranked data Ranked Data
Value Attribute Rank Value ttribute
4.60, R1Cl 1 -5.70, RaC4
4,31, R1C2 2 -5.17, R2C3
-2.00, R1C3 3 -4.95, R4C3
-2.13, RIC4 4 -4.81, R2C4

7.71, R2C1 5 -2.62, RSC3

7.67, R2C2 € -2.13, R1C4
-5.17, R2C5 7 -2.00, RIC3
-4.81, R2Cs & -1.95, R5C4

4.79, R3Cl 9 -1.80, R3C4

3.76, R3C2 10 -0.98, R3C3
-0.98, R3C3 11 3.76, R3C2 .
-1.80, R3C4 12 4.31, R1C2 )
7.89, R4C1 13 4.60, R1C1

7.58, R4C2 14 4.73, R5C2
-4.95, R4C3 15 4.79, R3Cl
-5.70, R4C4 16 5.08, R5C1

5.08, R5C1 17 7.58, R4C2

4.73, R5C2 18 7.67, R2C2
-2.62, R5C3 19 7.71, R2C1
-1.95, R5C4 20 7.89, R4Cl
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SAMPLE SIZE S0 0 OVER 90% CONFIDENCE
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FIGURE 10 Normal probability plot of 50 points with an exceptionally bad f1t -simulated
data

6C 3 1 1 Example of inhomogeneous data Figure 17 shows the resulting cumuiative probability plot on normat
probabii1ty paper with the 90 percent and 10 percent configence lines It 1s cleariy not a typical normal
distribution A goodness of fit test (to be discussed Later) 1ndicates only 8 C 1 percent confidence thst this
data could result from a true normal distribution
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SHIFT IN Vig AT 400 KRAD

0 980 —

0.850 =
0 S00 —

0.750 —
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PROBABILITY

0 100 —
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VOLT. SHIFT (mV])

’

FIGURE 11 Normal probabiiity plot of actual data that exhibited systematic effects

603111 Seering the causes of inhomogeneity 1n the example A study of the plot shows that the I(s must
have come from two distinct batches (one batch being 1Cs R1, R3, RS and the other being R2, R4) In addition,
the response of the circuits varies systematically according to which side of the die the circuit was found (one
s1de being circurts C1 and C2 and the other being €2 and C4) Thus, eny circuit belongs to one of four groups
as 1liustrated on figure 12 This figure 1s the plot of figure 11 without confidence Lines but with the points
"colored” to show how eacr grour corresponds to 8 unigue set of attributes Svstematic effects are present,
this 1s an 1inhomogeneous Lot and sample size corrections (see 70 3 and DNA documents referenced 1n 2 1.1}
indicate an effective sample size of six which 1s not In statistical disagreement with the tact that the data
separates into four distinct groups Any treatment of this data should use an effective sample size between
four and si1x and not estimate probabilities grester than about 84 percent If the system survivability were
to be calculated, the specific buy of parts (how many batches) would be relevant information Often 1t 1s not
possible to find a set of attributes which fit some obvious clumping of points Nevertheless, 1t would remain
very lLikely that systematics are a serious perturbation and sample size corrections would be appropriate as well
as estimates of a maximum reliable survival probability which could be estimated from that effective sample
s1ze A more rigorous calculation than that of MIL-HDBK-280 (see 2 1 1) 15 not yet available 1n usable form
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MILLIVOLTS AT 400 KRAD
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MILLIVOLTS

FIGURE 12 Plot of fiqure 11 with confidence Lines omitied and points "colored"

60.3 1 2 Subtle systematic effects We have seen that a typical signature of systematic effects 1s a
grouping of points by attribute with clear gaps between the different groups In more subtle cases, the groups
may not clearly separate and the plot may roughly resemble a strayght Line Judgment will be required about
the presence of systematics and inhomogeneities

60 3.2 Possible outlier and possible step-stress anslysis required Probability plots can sometimes be
useful 1n detecting outlisrers by examining whether the points at the extrewes of tiw plot are reasonsbly near
2 straight line f1t to the points  The following example will serve the double purpose of jliustrating a
possible outlter and 1llustrating a step-stress measurement

60 321 Approxamate lognormal distribution for this example  The distributior of stress to farlure was
found trom previous experience to be approximately lognormal  Accordingly, the logarithms of the upper and
lower bounds corresponding to each step-stress measurement were taken and the stresses to failure were expressed
n terss of an average logarithm of stress to failure and a spread in the logarithm between the upper and lower
bounds and the Logarithes were treated as a step-stress measurewent for a normsl distribution. The points were
ranked by their sverage logarithms. Figure 13, the resulting plot, shows that step-stress analysis (see
Namenson 1984, “Statistical Analysis of Step-Stress Measurements 1n Hardness Assurance," referenced 1n 2 2)
might be required
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POSSIBLE OUTLYING POINT CONFIDENCE LINES
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FIGURE 13  Double example of possible outlier and step-stress date - actual date

60 3 2 2 Possible outlier 'n this _example The point corresponding to the highest stress to failure seems
too far off the curve (only 1ts lower bound 1s almost acceptable) hinting that 1t may be an outiver Further
investigation revealed that in that one case, the stress was applied using a different geometry than for the
other cases giving that point an attribute which 1s not shared by any of the other points Its distance from
the curve and 1ts unique attribute both contribute to a judgmental decision that the point 1s an outlier.

60 3 3 Lot-to-lot varyations and within Lot variations when many Lots are 1nvolved (see 5 2 4 4 5), the
type of analysis which is performed will often depend on the relative magnitudes of the lot-to-lot variations
and the within Lot variations In general, this information must be extracted from the data The example n
60.3 1 of appendix B further indicates that sometimes a single lot does not reflect a homogeneous population
The lognormal probapility plot of figure 14 shows the opposite case where three different lots were mixed
together to produced data which s consistent with & single Lot No doubt, 1f & large amount of additional data
were obtained, systematic lot-to-lot differences would emerge but for the data on hand, & singie-lot analysis
15 adequate with perhaps a sample size correction for added precision and with Limitations on the maximum
survival probabilaty that can be quoted
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WITHIN LOT 8 LOT TO LOT VARIATIONS CONF IDENCE LINES
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FIGURE 14  Within-lot variations exceed lot-to-lot variations

60 3 & Approximate distributions 1n practice, there 1s often {ittle or no theory about the probability
distribution governing patt parameters and stress to failure Analysis usually proceeds on the basis sometimes
l1im1ted experience 1t 1s, therefore, prudent not to extrapolate to very high probabiylities on the basis of
2 small smount of data Figure 15, which will be explained more completely 1n 70 2, as an example of computer
penerated data frow simulations of chi-squared goodness-of-fit tests Eacn data point represents a simulation
The resulting simulated data turned out to be quantized at specific values (2 small consideration) and to
deviate from @ normal distributions at the high extreme Only after performing thousands of simulations did
the deviations became apparent and 1t would have been unwise to 99 ¢ percent probabilities on the basis of fewer
than the order of 1000 samples As a general rule, unless there 1s strong theoretical or empirical evidence
to justify the assumed probability distribution, when probabilities and confidences are quoted, the
probabilities should not be Less than the order of 1/Neff or exceed about 1-1/Neff where Negs 18 the effective

number of tested parts
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sample size 1s taken

FIGURE 15 Interpreting GOf tests using n-3 equal-probabitl ty zones where n 1s sample size

70 ADVANCED PROCEDURES

70 1 Further examination of reasonability of data We have seen that constructing probabitity plots 1s &
first step n evaluating data The plots can alsc be used to get estimates of relative within-lot and Lot-to-
lot variations and sometimes effective sample sizes Though texts on probability theory have tests for specific
problems, they cannot anticipate every complication that might arise and there 1s no replacement for examining
probability plots In what follows we will nevertheless suggest, for the reader with some familjarity with
probability theory, some specific tests on the reasonability of data
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70 2 QOF (goodness-of-fit) tests GOF tests are described 1n almost every text on probability theory (e g ,
Natrella' Usually, a proper test requires that the variable space from minus Infimity to plus wnfinity be
partitioned 1nto at least five contiguous zones and #1th at least five devices 1n each zone  However, when
there 1s a small number of parts, these requirements may make the usual GOF test mpossible and very insensitive
to gtaring problems 1t was found, however, by Monte Carlo simulation that the test seems to work 1f the number
of zones 1s as large as N-3 even though this will mean that many zones will have less than five parts Figure
15 shows the distribution of chi-squared values for sample sizes of 20, 50, and 100 when the range of the
normally distributed variable from minus Infinity to plus infinity divided into N-3 approximately zones of
approximately equal probability The "staircase” appearance of the distributior of SQR[ 2(CHISQ)) ] derive:
tror the fact that the values of chi-squared can take or only discrete vatues Eviadently, the chi-squared GOf
test works atter a fashion, even when the general rules for i1ts validity do not hold The curves of figure 1%
may be used to evaluate the results of a chi-sguared GOF test (Note that the number ot degrees of treedom 1s
N-€ when the test 1s done with N-3 zones so clearly this test cannot be done with seven or fewer parts ) As
applied to the example of 60 3 1, the chi-squared was 44 5 yletoing a 0 03 percent confidence that the data was
drawr from a homogeneous normal population

7C 3 sSample s1ze corrections For this method to work, there must be approximately the same number of parts
n each "sublot" of an inhomogeneous inspection lot i1t the region of minus .nfinity to plus nfinity 1s
diviced 1nto a recommended number of N-3 equal probapility z2ones, the effective sample size, Neff’ may be

calculated from,

Neff = N * (N - 65) 7/ (Actual CHISQ)
b appliec to the example of 60 3 1 with an actual sample size of 20, the chi-squared of 44 5 gives an
effective sample s1ze of six

70 4 Use of confidence lines 1f contidence lines representing one-sided tolerance Limits are placed on a
probapility plot the number of cata 1tems to the left of the line 1s a rough test of whether there 1s anything
suspicious Ir the data On the average, traction ( of the data 1tems shoutd L1e to the Left of the C confidence
line However, there are wide variations about the average Since an analytic calculation of exactly how this
varies, & Monte Caric swimuiation was performea The probabi{1tv tha* & given fraction of date 1tems will Lie
to the Lett of the confidence (1ne seems tc be independent of the sample size as 1{iustrated by the histogram
of figure 16 for 90 percent confidence Lines We can conclude that 11 fewer than o0 percent of the points lye
tc the (eft of a 90 percent confidence Line, for example, ther the data 1s suspicious Figure 17 1s & simitar
plot for 10 percent confidence {ines
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COMPARISON OF SAMPLE SIZE OF
20 WITH SAMPLE SIZE OF 100
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FIGURE 16  Expected fraction of devices which exceed 90 percent confidence Line Sample s1zes of 20
and 100
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SAMPLE SIZE

OF 100
1.0 —
PROBABILITY OF POINTS BEING
BELOW CONFIDENCE LINE FOR
- 10% CONFIDENCE
-
|
-
s8]
- ¢
o
o
& \_
& SAMPLE SIZE
OF 20
0.0 |
0% 40%

PERCENT OF SAMPLE SIZE

FIGURE 17. Expected fraction of devices which exceed 10 percent confidence Line. Sample sizes
of 20 and 100.
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